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Tns  title  indicates  that  this  volume  is  rcatricted  to  the 
group  of  material  conditioiui  which  constitute  the  orgaa- 
ism  in  roktion  to  tlic  physioJ  world  —  a  group  whicli 
rumiithei)  the  data  lor  one  half  of  tho  psychologist's 
<]uest;  tl>c  otbvr  half  keii%  funiiahed  by  historical  and 
social  conditions. 

Tho  lluiuaii  >fin<t,  90  far  as  it  is  aooeBsible  to  scientiiic 
ioqutiy,  has  a  twofold  root^  nun  being  not  only  un  animal 
ocgoniiun  but  an  unit  in  tlie  social  organism ;  and  hence 
the  complete  tlicoiy  of  it«  functions  and  faculties  must 
be  sought  in  this  twofold  direction.  This  concepdoa 
(which  hns  Ix'vn  di%lurvd  "to  amount  to  a  rcvohilion  ia 
Psychology  "  ),  alttiougb  slowly  prepared  by  tho  growing 
conviction  Uint  Man  could  not  be  isolated  from  Humanity, 
was  first  expounded  in  tho  opening  volume  of  these 
PrtMema  0/  Life  and  J/iW ;  at  least,  I  am  not  nwon; 
tliat  any  [predecessor  had  seen  how  the  specially  human 
faculties  of  Intellect  and  Conscience  were  products  of 
m>cial  factors  co-opemtii^  with  tho  animal  factors. 

In  cousideting  the  Physical  Itasis  a  la^  pkcc  must 
be  assigned  to  llie  mechanical  and  chemical  relations 
which  an>  involvod  in  organic  fuuctioos ;  yet  wu  have  to 
recugniz«  that  tbis  procedure  of  ;^JlaIyHis  is  ortiticial  and 
preparatory,  that  none  of  its  results  are  final,  none  rep- 
resent tl>e  synlhottc  reality  of  rilal  facts.  Hence  one 
kading  object  of  the  following  pages  bos  been  every- 
where to  substitute  tho  biological  point  uf  view  for  the 
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metapbjsical  and  meebanictl  poiaU  of  riew  vhich  ton 
often  obitmct  reseaich — tbe  ooe  findii^  its  expraesioo 
in  sptritaaUst  tlteori«8.  the  other  io  matemlist  theocks; 
both  dinegirdiiig  the  plain  priDciple  that  the  firat  leq- 
Quite  in  a  theoiy  of  ^ologinl  pheDoneDa  must  be  to 
view  them  io  the  li^t  of  bioli^ical  eonditions :  id  other 
words,  to  fix  oar  gase  opon  what  passes  io  the  orguusm. 
and  not  on  what  taaj  pass  in  tbe  laboratory,  where  tlie 
conditions  are  different  Analysts  is  a  potent  instmment, 
bat  is  too  often  relied  on  in  forgetJiilDess  of  what  consti- 
ttttes  its  teal  aid.  and  thus  leads  to  »  disregard  of  all 
those  conditions  vhicb  it  has  sitificiaUy  set  nside.  We 
see  this  in  the  tcndeaey  of  anatomists  and  phj-siologists 
to  assign  to  ont  vleraent,  in  a  complex  cluster  of  co- 
operants,  the  significance  which  propeily  belongs  to  that 
cluster :  a«  w  htu  the  property  of  a  tissue  is  placed  exclu- 
sively in  a  single  element  of  that  tissue,  the  function 
of  an  organ  assigned  to  its  chief  tissue,  and  a  function  of  h 
the  mganism  to  a  single  organ.  f 

Another  object  has  been  to  furnish  the  reader  onin- 
stmcted  in  physiology  with  su(^  a  gL-ncral  outline  of  the 
stnictnre  and  functions  of  tbe  organism,  and  such  detaihi 
respecting  the  sentient  mccliaDixin,  as  may  anulcen  aii 
interest  in  the  sttidy,  and  enable  him  to  understand  the 
aj^Iicatiou  of  Physiology  to  Psychology.  If  he  comes 
npon  details  which  can  only  iiitcrvst  spcciallj'  educated 
students,  or  perhaps  only  by  theni  be  really  understood, 
bo  can  pass  over  tlicsc  details,  for  their  omission  will  not 
seriously  affect  the  bearing  of  the  general  principle*  I 
hare  given  the  l>est  I  had  to  give;  and  must  li'a^e  each 
reader  to  find  in  it  whatever  may  interest  him.  Tlte  use« 
of  books  are  first  to  stimulate  inquiry*  liy  awakening  an 
interest;  secondly,  to  clarify  and  cliuslfy  the  knuwlcilgc 
already  gained  from  direct  contempUtion  of  tbe  phe- 
nomena.   Tlicy  are  stimuli  and  aids  to  observation  and 
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ht.  Th«y  should  ncvvr  be  allowed  to  see  for  us, 
DOT  to  think  for  us. 

Thv  volume  contains  Tour  essays.  The  flrat,  on  the 
NaiiiM  of  Life,  deals  with  the  spedalily  of  oi^aiiic  phe- 
nomeoB,  aa  dUtinguished  from  the  inorganic.  It  seta  forth 
Uie  physiologicnl  prinvipli's  which  Pitychology  must  in- 
cessantly invoke.  lu  the  coureo  of  the  exposition  I  havs 
incorporated  several  pasA.igeH  from  four  articles  on  Mr. 
Darwin's  hypotheses,  contributed  tu  the  FoHAightl*}  lit- 
vietB  during  the  year  1868.  I  have  also  suggested  a 
modification  of  the  hypolhc$ts  of  Natural  SeIe<:tiou,  by 
extending  to  Uie  titmt*  and  organs  that  principle  of  com- 
pctiiion  which  Mr.  IMrwin  has  so  luminonsty  applied  to 
organwms.  Should  this  {^BncntUmtion  of  tliu  "struggle 
for  existence"  bo  accepted,  it  will  answer  many  of  the 
luthorto  unanswerable  objections. 

The  second  essay  i»  on  the  J^rrvou*  MirAanimn,  netting 
forth  what  is  known  and  what  is  inferred  respecting  the 
stracturt!  and  properties  of  Uiat  all-important  system. 
If  the  sceptical  and  revolutionary  attituao,  in  presence  of 
opinions  cuirontly  held  to  be  established  tnittis,  surpri.?es 
or  paiiia  the  reader  unprepanKl  for  such  doubts,  I  can  only 
ft*k  him  to  stibiiiic  my  statemvnla  to  a  similar  sceptinsm, 
uiil  confront  them  with  the  a'K^ertaiiiol  eviilc-iice.  After 
many  yearti  of  laborious  investigation  and  meditation,  the 
conclusion  lias  slowly  forced  itself  upon  me,  that  on  this 
subject  there  is  a  "f:il.se  pctituasion  of  knowlcd;^"  very 
fatal  in  ita  influence,  beotuse  unhusitJitingly  adopted  as 
tfau  ;;^und  of  speculation  both  in  I'athology  and  rsychol- 
ogy  Thi.';  persuusioa  is  sustained  W^cause  few  are  aware 
liow  much  of  what  posses  for  observation  is  in  reality 
Klieer  hypothesis.  1  have  had  tn  point  out  the  great 
extent  to  which  Imi^jinary  Anuboniy  has  W^cn  unsuspect- 
ingly accepted ;  and  hope  to  have  done  something  towards 
taiaing  a  rational  misgiving  iu  tlie  student's  mind  respect- 
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ia«"the  aapenthvm  of  the  nene-ceD "  —  a  npei^tion 
w)ii<;h  I  fre*:ly  confess  w  have  shared  in  for  many  years. 

Tlie  third  essay  tnaLs  of  Animal  Autamatifju.  Here 
the  i.f)\MsaiX  iiLsiftaDce  on  the  Uolc^cal  point  of  view, 
while  it  causes  a  rejeciion  of  the  meichaiiifal  th^c-ry,  ad- 
uiiU  the  fullest  recognitioD  of  all  the  mechanical  relations 
involve'l  to  animal  movements, and  thus  endeavors  to  rec- 
oncile tlie  coDtending  schools.  In  thi^  e^say  I  have  also 
att«m|fte<I  a  ffsycbological  eolution  of  that  much-debated 
queiition  —  the  relation  between  Body  and  Mini  This 
wA\iXioa  explaiu.4  why  physical  and  mental  phenomena 
mujit  neces*iri!y  present  to  our  apprehension  such  pro- 
foundly diveriu:  characters;  and  shows  that  Materialism, 
in  att','Ui]itiii;,'  to  deduce  the  mental  from  the  physical, 
]»utt  into  the  conclusion  what  the  ven'  terms  have  ex- 
cludeil  fn-jm  the  premises;  whereas, on  the  hj-pothesis  of  a 
[ihy»ical  process  bciiu;  only  the  objective  aspect  of  a  mental 
priKesiJ,  the  attempt  to  interpret  the  one  by  the  other  is 
a.4  li^itJriiale  as  the  solution  of  a  geometrical  problem  by 
algebra.  * 

In  the  final  efsay  the  Rtjlex  Theory  is  discussed  ;  and 
here  once  more  the  biological  point  of  view  rectifies  the 
err^jr  of  an  analysis  which  has  led  to  the  denial  of  Seusi- 
bility  in  reflex  actions,  because  that  analysis  lias  over- 
luokd  the  necessary  presence  of  the  conditions  wliich 
delenoine  Sensibility.  In  these  chapters  are  reproduced 
Beveni!  jjassafies  from  tlie  Phy&iology  of  Common  Lift: 

According  to  my  original  intention,  this  volume  was  to 
luive  included  an  exposition  of  the  part  I  conceive  the 
brain  to  play  in  ]>liysiological  and  psychological  processes, 
but  that  must  be  postponed  until  it  can  be  accompanied 
by  a  survey  of  psychological  processes  which  would  ren- 
der tlio  exposition  more  intelligible. 

The  Pbiobv,  Marvli,  1S77. 
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THE  NATURE  OF  LIFE. 

"  La  Pbydologia  >  ponr  bat  d'eipoMT  les  pMnom^ea  lU  U  vie  humaine  et 
Its  coDditioiu  d'ou  ila  depesdent  Pour  y  anivec  d'une  ouuiiire  sOre,  il  laut 
nkcssairemeDt  avuit  tout  d^tenaiaer  quels  goat  les  ph^om^es  qa'ou  duiigue 
Kiiu  le  nom  de  vie  en  gineroL  Cwt  pourquol  la  premie  choM  &  foire  eat 
d'itndier  les  propri^t^  g^aerales  dtt  corpa  qu'on  appelle  organiqaes  ou  vi- 
vini."  — TlEDKltAHU,  Traitt  de  PhynoUigie  deCBamme,  I,  2. 

"Some  weak  uid  ineiperieuecd  peraoua  vainly  seek  by  dialectics  and  tar- 
fttched  aixuraeuts  either  to  upset  or  eetatlish  things  thai  ara  only  to  be 
fomided  on  snatomlcol  denonstnition  and  believed  ou  the  evidence  of  tlie 
Mnse*.  He  who  truly  deairea  to  be  informed  of  the  queation  in  hand  mnst  lie 
lidd  bound  eithei  to  look  for  himaelf,  ot  to  take  on  truat  the  conclusions  to 
which  they  who  have  looted  have  come."  —  HABvmr,  Second  DiaxrlaUmi 
to  Ridan, 
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THE  NATURE  OF  LIFR 


CHAPTER    I. 


TBE  fBOSLEU  STATED. 

1.  At-THOUGK  for  oonvenience  we  use  tlie  teriRB  Ufa 
and  Miiid  00  rcpresentiDg  cUstiDol  ontcn  uf  pltenomenfl, 
tbe  oiie  objective  and  the  olUer  subjeclive.  and  although 
for  centiirii^  they  have  designated  distinct  eniitius.  or 
forces  having  difTurvnt  substral*,  w«  may  now  cousider  it 
sofficicntly  acknowledged  among  scientiltc  thirikurs  that 
every  problem  of  Miod  is  necessarily  a  pmblem  of  Life, 
ruferring  lo  one  special  group  of  vital  activtiias.     It  is^ 
enough  that  Mind  is  never  manifested  except  in  a  living 
oi^^isui  U)  make  us  seek  in  an  a)ial\'sia  of  organic  phv-  J 
nomena  for  the  material  conditions  of  every  mental  I'act^ 
Munlal  pht-Domeiui  wbea  observed  in  others,  although 
interpretable  by  our  consdousneBS  of  what  is  passing  in 
oureclvcs,  can  only  be  objective  phcnoniena  of  the  vital 
ot^ganism. 

2.  On  this  ground,  if  on  this  alotie,  an  acquaJntaooe 
with  the  general  principles  of  structure  and  function  is 
indispensable  bi  the  psychologist;  althougli  only  of  late 
years  has  this  been  fully  lecosntzed,  bo  thai  mcti  pro- 
foundly ignorant  of  the  organism  have  had  no  hesitation 
in  tixwrixiag  on  its  highest  functions.  Tu  saying  Utat  such 
knowledge  is  indispensable,  I  do  not  mean  that  in  the 
abeeuce  of  such  knowledge  a  inan  is  debarred  from  under- 
Bhuding  much  of  tJie  results  reached  by  iuvcstigator», 
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nor  that  lie  may  oot  liimself  make  useful  obsen'atio: 
aud  clafistfications  uf  psychological  facte.  It  U  possiblli 
to  read  books  on  Natural  UUlory  with  iutelli^ence 
profit,  outl  cvou  to  make  good  observations,  witbout 
scientiiic  grouDdwork  of  biological  instruction ;  aud  it  ii 
possible  to  arrive  at  empirical  facta  of  hygiene  and  ni«di 
cal  ticatment  wiUtout  any  physiological  instruction.  But 
in  all  three  cases  the  absence  of  a  scientiflc  basis  will  ren< 
der  the  knowledge  fiugmcntary  and  incuniplutc ;  and  this 
ought  to  deter  every  one  frani  oflering  an  opinion  on  de- 
batable questions  which  pass  beyond  the  limit  of  subjec- 
tive obser\ation§.  The  p-sycliologiat  who  has  not  prepared 
himself  by  a  study  of  the  organism  hiis  no  more  right  to 
be  heard  on  the  genesis  of  thf  psycliical  statics,  or  of  the 
relations  between  body  and  min<l,  tlian  one  of  the  laity 
has  a  right  to  be  beard  on  a  (question  of  medical  licat- 
ment 
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3.  Science  is  the  sy.*tenmtic  classification  of  F.xperi- 
BDOe.  It  postulates  unity  of  Existence  with  great  varieties 
in  the  Modes  of  Existence;  as-suming  that  there  is  one 
Matter  everywhere  the  sanR*,  uudcr  great  divcrsitia?  in 
tht)  complications  of  its  elements.  Tlie  distinction  of 
Modes  is  not  less  indispensable  than  the  idcntiGcation  (rffl 
the  eleraentj*.  These  Modes  range  them8elve.s  under  thre^^ 
Bupiemo  heads ;  Force,  Life,  Mind.  Under  tlie  first,  tango 
the  general  properties  exhibited  by  afi  substances ;  under 
the  second,  tlic  gcncrul  properties  exhibitol  by  or^nizat 
substances ;  under  the  third,  the  general  proporliea  ex- 
hibited by  organized  anxmat  substances.  The  first  class 
is  subdivided  into  Pkysiea.  celestial  and  terrestrial,  and 
ChtmisCrg.  Physics  treats  of  substances  which  move  as  • 
masses,  or  whicli  vibrate  aud  rotate  as  molecules,  without 
nndergoing  any  appreciable  change  of  structural  integrity ; 
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ibey  ebow  dmngiHt  of  funtion  utd  ttaU,  without  oone- 
Kpondiiig  changes  io  their  eleroenU.  Cbemistry  treaU  of 
8ub«tanoc«  wliicli  imdei^  molecuUir  cltant,^:^  of  wmposi- 
lion  ttfslmetu'e  o(  their  integrity.  Thus  tho  blow  whioli 
Mimply  inoT«9  qha  body,  or  raakea  it  AibTat<>,  ox)>lu(lca 
another  The  friction  which  alt«n  the  t<!iniii.-ratiire  and 
ele<;tricftl  sWe  of  a  bit  of  glaas,  ignites  a  hit  of  jiho^ 
phorus.  and  so  d««troy»  its  int«^ty  of  structure,  oonvorU 
ing  phnsphonu)  into  phosphoric  acid. 

4.  Tho  itcwiid  clos^  while  oxhiliitiiig  lioth  vhyaioal 
and  chemical  propcrtiee,  is  markedly  dii<tiii^iu>died  liy  the 
udditioa  of  pr[j)H-rtti>A  railed  vital.  Their  peculiarity  con- 
sists  in  this  :  they  undet^  molecular  changes  of  (.■ojn[>o- 
sition  mi'i  decomposition  wliioh  are  Binmltaneou!),  and  b^ 
Ikis  nntuitaiieitif  preterve  their  i4t/effritg  qf  stnuture.  Thoy 
change  their  stale,  and  tlieir  elements,  yet  praaerve  their 
imity.  and  even  wlion  differentiating  contimie  specific, 
Uolikv  hU  other  l)odieH.  the  oqjtuiizwi  uru  horn,  gruw,  de- 
velop, aud  decay,  through  a  preseribed  series  of  graduated 
evolutionft,  each  utago  being  the  iadtspeitsublo  coudition 
of  its  successor,  no  etage  ever  appearing  except  iu  ita 
Aerial  order. 

5.  The  Uiinl  class,  wliilo  exhibiting  all  the  character- 
iaticR  of  the  two  preceding  cLi.i»cs,  is  sjiecialixed  by  Uio 
addition  of  a  totally  new  property,  called  Sensibility, 
u-liicli  subjectively  is  Feeling.  Here  organized  sobataooe 
lias  become  animal  .stibstjuicc,  and  Vegetality  liru  been 
ilevelupcd  into  Aniinality  by  the  addition  of  new  factors, 
—  new  complexities  of  tlw  cl«inout«ry  forces.  M«ny.  if 
not  UMst,  philosophers  postulate  an  entirely  new  Exi«t- 
onoe.  and  not  simply  a  new  Mode,  to  account  for  the 
manife-ttiilion-s  of  Mind;  they  refuse  to  ncknonknt^e  it 
to  be  a  vital  manifestation,  they  demand  that  to  Life  be 
added  a  separate  substratum,  the  SouL  Thi»  ts  not  a 
[)Ouit  to  be  discussed  bare.    We  may  be  content  with  the 
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assertion  thut  liowever  great  the  phenomenal  diQereiue 
between  lluioanity  and  Aniniality  (a  difTereuce  w«  shall 
licrcafUtr  see  to  be  Uie  ex{)re»tio»  of  u  new  fiteUir.  nnmely. 
the  social  fuct^>r),  nevertlteleas  the  tUstinctive  atiribut^jif 
Sensibility,  out  of  which  rise  Kiuotioii  and  Cojjuiliun, 
marks  the  inneparable  kimhip  of  mental  with  vital  phe- 
nomena 

Tiiii--*  all  the  various  Modes  of  Exiat«uco  may,  at  least 
in  tliL-ir  objective  aspccl,  be  ranged  under  the  two  divis- 
ions of  lnOT};;aDic  and  Orjjuuitf. —  Xon-living  and  Living;:, 
—  and  tbi.-»c  are  resiiectivcly  the  objects  of  tlie  cosniologi* 
cal  and  tlie  biologiciU  soieiictis. 

6.  The  various  sciences  iu  their  serial  development 
develop  the  whole  art  of  Method.  Matlietiiaties  dovul- 
ops  abstntctiou,  deduction,  and  defmitiuu  j  Astionomy 
abstraction,  deduction,  and  observation  ;  Physics  adds  ex* 
periment;  Cbcmisny  adds  nomenclature;  Biology  adds 
claaaiiication,  and  for  the  first  time  brings  iiit'^  jiromi- 
nence  the  important  notion  of  eotiditions  of  erUttnce,  and 
the  variation  of  phenomena  under  varying  conditions :  so 
tliat  the  ndatiou  of  the  oi^nism  to  its  medium  is  one 
never  to  bo  left  out  of  sight  Iu  Biology  also  clearly 
emerges  for  the  first  time  what  I  n^rd  as  the  IruC  notion 
of  cauwilily,  nanwiy,  the  procession,  of  causes,  —  the  oom- 
biiiation  of  factors  in  the  product,  and  not  an  ah  ertra  de- 
termination of  the  product.  In  Vitality  and  Sensibility 
we  are  made  aware  that  the  causes  are  m  and  not  aulsUk 
the  oTganittin  ;  Ibnt  the  otgauio  effect  is  the  oiganic  cause 
in  operation ;  that  there  ia  autonomy  but  no  autocnicy ; 
the  effect  issues  as  •  resultant  of  the  co-operating  condi- 
tions. In  Sociology,  finally,  we  see  brought  into  promi- 
nence the  historical  conditions  of  eziMmix.  Fiom  thi;  due 
appiecitttion  of  the  conditions  of  existence,  material  and 
historical,  H-e  seize  Uie  true  aigniticance  of  the  principle 
of  Relativity. 
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7.  Having  thaa  indicated  the  Beriea  of  the  abstract 
sciuncv^  wu  have  dow  to  cousider  more  closely  the  char- 
acter of  Itiologj-.  The  term  was  proposed  independ<!i]tly 
yi!t  smiiiltanonusly  in  Germany  and  tVance,  in  the  ycnr 
1802,  l>y  Tniviranim  and  Lumarck,  1o  express  "  ttic  study 
of  the  forms  and  ptienomeDa  of  Life,  the  conditions  and 
laws  hy  which  ttiv»t>  exist,  and  the  causes  which  produce 
them."  Yet  only  of  Late  years  has  it  gained  general  ac* 
ceptoiice  in  France  and  Kugland.  Tim  t«nu  Cosniok^', 
for  what  an)  usually  called  the  Physical  Sciences,  has  not 

^  yet  come  into  general  use,  alUiough  its  appropriateness 
must  eventually  secure  its  recognition. 
Biology, — the  abstract  scieuc«  of  Life,  —  embracing 

I  tiie  whole  organic  world,  includes  Vegetality,  Animality, 

I  and  Humanity ;  Uie  biological  sciences  are  Pbytology, 
Zoolt^',  and  AntlmiiKilofy,     Each  of  the  aciencea  has  its 

I  cardinal  divisions,  statical  and  dynamical,  namely,  Mor- 

l^ology  —  the  science  of  form,  —  and  Thysiology  —  the 
science  of  function. 

Morphology  embtaocs—  1°,  Anatomy,  i.  e.  the  deseriE>* 

[tioD  of  the  parts  tlien  and  there  present  in  tlio  organism  ; 

'and  these  parts,  or  organs,  are  further  described  by  the 
enameration  of  their  constituent  tissues  and  eleoients ; 

I  and  of  these  again  tltc  proximate  principles,  so  far  as  they 
can  be  isolated  without  chemical  decomjiosition.    2*,  (5r- 
!/anoffny,  i  e.  the  history'  of  the  evolution  of  organs  atid 
tissuea 
Physiology  embraces  the  pix)]»crLiea  and  functions  of 

'  the  tiasuex  and  organs —  the  primary  conditions  of  Growth 
and  I>e^'clopn>cnt  out  of  which  rise  llic  higher  functions 

I  Winging  the  orsanism  into  active  relation  with  the  sur- 

I  lounding   medium.     The  first   group   of  properties   ami 

'  functions  arc  called  those  of  vp<;etal,  or  organic  life  ;  llio 

I  second  those  of  animal,  or  relative  life. 
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8.  It  vjll  he  needrnl  to  i\x  with  precision  tbe  terms, 
Oi^nism,  Life,  Property,  and  FuncliotL 

Au  orgnnHDi,  nUlioujjh  usually  signifying  r  more  or  less 
complex  unity  of  or^^ii,  because  tliu  structures  which 
lirgl  uttractoJ  scientific  attention  wera  all  tiiu»  markedly 
'listJDguisbed  from  inDi:<;n[uc  bodiea.  Uoa  by  the  <^diial 
extoDsioDS  of  rcsuAivh  been  necessarily  generalized,  till  it 
DOW  stands  for  any  □t«;anized  substance  capablv  of  iude- 
pcudcut  vitality :  in  other  words,  any  substance  having 
the  specilic  cotnbinatioii  of  elements  which  manifests  the 
serial  phenomena  of  growtli,  developinont.  and  decay. 
There  ars  otguuisius  that  have  no  dilferentiated  orgona 
Thus  a  microscopic  formless  lump  of  semilluid  jelly-like 
substance  (Prntoplagni)  i^  call<!d  an  organism,  because  it 
feeds  itself,  and  reproduces  itself.  There  are  advantages 
and  disiulvuntiij^c!  in  such  extensions  of  terms.  Tliese  ore 
notablu  in  the  parallel  extension  of  the  term  Life,  whtcli 
originully  cxprcssirig  only  the  complex  activities  of  com- 
plex organisms,  has  come  to  express  the  !»implest  activities 
of  prutoplusui.  1'hns  a  Ikionad  is  an  organism  ;  n  Cell  is 
au  organism ;  a  Plant  is  an  organism ;  a  Man  is  an  or^n- 
isni.  And  each  of  tliese  organisms  is  said  to  have  its  life, 
because 

"  Tliraugli  ktl  llic  nighty  cnRnnnnwealtli  of  llilnn* 

Up  fttpni  iho  crrpping  wotm  to  jovcttij;!!  m»n  "  • 

there  is  one  fundamental  gronp  of  conditions,  one  or^nixed 
subatauco,  one  vitality. 

Obviously  this  unity  is  an  abslnction.  In  reiility,  the 
lifu  manifested  in  the  Man  is  TWt  the  life  manifested  in 
t]M  Monad:  he  has  Function.^  and  Faculties  which  tiie 
Monad  has  no  trace  of;  aiid*if  Uic  two  ot^nisnis  have 
certain  vital  characteristics  in  common,  this  uni^  is  only 

•   WORSSWOBTS. 
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I         world 
^H    made 


recognized  in  an  irffti/  oTMfnidww  wiiich  lets  drop  uU  oon- 
L-Ti-U:  difrerenooi).  The  Life  ia  diETereat  when  the  orgaoiam 
is  ditlcnsnt.  Ueacc  aii)'  d«fiiiitioii  of  Uf«  ^vould  Lx;  lauu- 
iSmtXy  iusuSicient  which  whili:  it  vi^[in'«si:d  the  oclivities 
of  the  MoDttd  ]«fl  unexpressed  the  oonapicuous  nnd  im- 
poitatit  activities  of  bigli«r  oi{;anisiiis.  A  suuUiaJ  uod  n 
t«pcat«r  will  each  record  the  successive  positions  of  the 
stui  in  the  heavens ;  hut  alUiongh  tmth  nrv  iustruiDcnt* 
for  marking  time,  the  sundial  will  not  du  the  work  of  the 
n)puat«r ;  the  cuuiplt;xiiy  nnd  t]ulicacy  of  the  watch  luvch- 
anism  are  necessat;  fur  it«  uiurc  varied  aud  delicate  uses. 
A  scuiifluid  bit  of  protoplasm  will  feed  itself;  but  it  will 
not  feed  and  Eustain  a  L-omplux  auinial ;  uur  wiU  it  feel 
and  tbiiik. 

9.  Ne[;lect  of  this  point  has  caused  frequent  confusion 
in  the  attempts  to  give  satisfactory  dc6uittoua.  Biologista 
ought  U>  huvo  bufu  \tarned  by  tlie  fact  that  Homc  of  the 
most  widely  accepted  dtfinitioDS  exclude  the  moet  cod- 
gpicuous  phenomuiia  of  life,  and  are  only  appUcablo  to  the 
vegetable  world,  or  to  tlie  vegetal  prooedaes  in  the  animal 
world.  A  definition,  however  abstract,  should  not  exclade 
esseatiid  cbaiBCtei^  The  Reiiem)  consent  of  mankind  has 
made  Life  ityuonynious  with  ilodo  of  Existence  By  the 
of  an  animal  is  meant  the  Rxistence  of  that  animal; 
dead  tht;  animai  uo  lunger  uxisto;  tho  substances 
of  which  Uie  organism  was  composed  exist,  but  imder 
another  mode  ;  their  connexua  is  altered,  and  tho  organ- 
um  vaaiahcs  in  the  alteration.  It  is  a  serious  mistake  to 
call  ihe  corpse  an  organism  ;  for  that  gpteial  combination 
which  constituted  the  or^nL-tni  i!«  not  present  in  the  corpse. 
This  uii«M)uccption  mialciidti  some  speculative  minds  into 
awignin;;  life  to  the  univeise.  The  universe  assuredly 
exieia,  bnt  it  does  not  live ;  its  existence  can  only  be 
idenlificd  with  life,  such  as  wc  observe  in  organiamit,  by 
a  complete  obliteration  of  tlie  speciality  which  the  tcmi 
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life  is  meant  to  designate.  Vet  many  Iiavo  not  only 
pleftned  tbumsclvcs  with  sucli  a  conci^ption,  but  have  con- 
ceived the  univeree  to  be  aii  oTsanism  fRsbtuuct],  directed, 
and  fiu^tuined  by  a  soul  like  that  of  man  —  tlie  anima 
mundu  This  is  to  violate  all  scientific  canons.  The  life 
of  A  iilant'Or^nism  is  not  tho  snnie  a^  the  life  of  an 
animal-oi^iisiu ;  the  life  of  an  aniiiial-oiyuiii^iD  i^  not 
the  same  as  th«  life  of  a  hunian-ui:gaiiistn  ;  nor  can  the  life 
of  «  human-organisin  be  the  same  us  the  life  of  ihi-  wtirM- 
organism.  Tlie  unity  of  Existences  does  not  obliterate 
the  variety  of  Modes ;  yet  it  is  the  speciality  of  csch  Mode 
whi<:h  Science  inv^Ktigatttx;  to  some  of  these  Modes  tlio 
term  Life  is  co[iHislj?ntly  applied,  to  otherit  not ;  end  if  we 
merge  them  all  in  a  common  term,  we  must  Uien  invent 
a  new  term  to  designate  the  Modes  now  included  inider 
Life 

10.  In  I'esisting  this  ununrnintablc  extension  of  tlie 
term  I  am  not  only  pointinj,'  to  a  speculative  error.  Imt 
also  to  a  serious  biological  unxir  oummon  in  hulh  ^pirit^ 
ittiliflt  and  materialist  schools,  namely  that  of  assigning 
Life  to  other  tlian  organic  ageucict.  InKt^ail  of  rcronntz* 
iug  the  speciality  of  this  Mode  of  Existence  as  dc|>endent 
OD  a  speciality  of  the  organic  conditions,  the  s]>i ritualist 
assigns  Life  to  some  extra-organic  Vital  Principle,  the 
materialist  assigns  it  to  some  inorj^nic  ngeiit—  physical 
or  chemical  Waiving  for  the  present  all  discussion  of 
Vitalioni,  let  ns  cotiaider  in  what  sense  we  must  separate 
organic  from  all  inor^nic  )>honomena. 

1 1.  There  is  a  distinction  between  jnorjjanio  and  organio 
which  may  fitly  Iw  called  radical:  it  lift*  at  the  root  of 
the  ]ihenomena,  and  must  be  accepted  as  an  ullimale  fact, 
iillhoiiL'h  the  synthesis  on  which  it  depends  is  analytically 
reducihlo  to  a  complication  of  more  primitive  conditions. 
It  has  been  already  indicated  in  §  'i.  All  orp;anisms  nltove 
the  very  siutplest  arc  syntheses  of  tlirec  terms  :  Structure, 
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,  aaU  lostruKKint.  Cry»taLt,  like  ull  otbiT  anor- 
itsms  bftVfl  structure,  and  in  a  certain  eenae  they  may 
bo  said  to  grow  (Mituraita  rrwru»/),  though  the  growth 
is  by  iHtrease  aod  not  by  modi/ieatian :  *  llie  motherlye, 
wbicb  is  the  food  of  the  crj'stal,  is  never  bmught  to  the 
crysul,  nor  pteparpd  for  il,  by  any  iu«tniniCDtal  agency 
of  the  crystij.  Organisms  are  exclusively  iuatmmental ; 
the  organ  is  an  instrument  The  structuml  integrity  of 
an  organism  is  thus  preserved  through  an  ulimi-ntation 
which  is  effected  through  special  instfumeuta.  Nothing 
like  tlii«  18  visible  in  anorganiams. 

The  increase  of  a  crj-stol  is  furtlier  (li<ittnguiBhable  from 
the  growth  of  an  organUm,  in  the  fact  of  its  buirig  simple 
aocretioa  without  development ;  and  tlie  structure  of  Uie 
crysUl  is  (tiAtinguishable  from  that  of  an  oiganism  in  th« 
6ct  that  it«  integrity  i»  preserved  by  the  rjxlwtitm  of  all 
molecular  change,  and  not  by  the  simultaneous  changea 
of  nwlecotar  deoompoeition  and  recoiit position.  Iiior- 
ganio  sabstances  are  sometimes  as  unstable  as  organic, 
aotnetimea  even  more  unatablc ;  but  their  instability  is 
the  source  of  their  structural  destnietion  —  tlu-y  change 
into  other  spccios ;  whereaa  the  instability  of  oryanitrd 
sdhetances  {w>t  of  organic)  is  the  source  of  tlieir  struetural 
integrity :  tlw  tiasnc  is  rcnovat^xl,  and  its  renovatiou  is  a 
CDUsequencv  of  it«  waste. 

12.  Itut  while  the  distinction  is  thus  radical,  when  we 
view  the  organism  from  the  real  —  that  is,  from  the  syn- 
thetic point  of  view  —  we  must  also  urge  the  validity  of 

*  OyfUla  not  oulj  grow  by  itiuniiUtum,  but  even  Kpoir  injiiri«, 
with  •  ccrtlln  inl)KiilS('iiil  nipiiiblaiici?  to  thi*  nipnir  of  Biiiiuiil  timiw. 
Thu,  MMfdingto  thcnxrvHin'tiliir  Jiii:ii;i!C  cit«il  by  Sir  Jautji  Paoct 
(Udmraim  Sargiait  !titholaf)f,\.  1&3.  aiid  Al  r(],  p  !15\  an  wtQlxt- 
dr>l  crjTKUl  sf  nlitm.  if  fnctuRM)  uiU  rT|)U«d  in  ■  tnuthprljrr  will  in  ft 
tern  lUy*  nhiliit  »  I'niiijilvte  Tat«nitiuu  or  tlit>  origin*]  Uttm.  Tim  >tlii>Ii> 
ar7«UI  increun,  but  thn  tnciWM  I*  gmtMt  on  the  broken  edge,  utd  the 
oetnhrdnl  fofin  u  nmptctcly  rcnewwL    (Comp.  f  US.) 
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the  analytical  puiiit  of  view,  wliivli  scues  oo  tiie  con- 
ditions here  complicaled  in  a  special  group,  aud  <leclares 
tIi(Mo  couilitioHfl  to  be  severally  reco^iiimbte  equally  in 
anorgauisms  snni  in  orgaDisnio.  All  {he  fuudaiuental 
pfOperties  of  Matter  are  recognizable  in  oi^niiieii  Iklatt«r. 
The  el«lu«ntaiy  aubstaiiccs  nnd  Toivvs  fainiltar  to  pliysi- 
cists  and  chemiaU  are  Uie  materiaU  of  the  liiolojjist ;  nor 
his  Uit^re  beeu  found  a  single  organic  ituh.itance,  liowwcr 
qiecial,  that  Is  not  ruduciljlu  to  inorganic  ulciuvnls.  \Vb 
tte,  then,  tliat  oi'^nized  Matter  is  only  a  special  combina- 
tion of  that  which  in  other  ooDibituLtious  pre«cat«  cbeuucsl 
uid  [>hy3ical  phenomena;  and  we  are  prepared  to  find 
Cheuiisliy  and  I'liydica  iadispcDsable  aids  in  our  analysts 
of  organic  phenomoocL  ^Uds,  but  only  aids ;  indiapeosa- 
Ue.  but  iuKulticiunt. 

13.  There  is  Uierefore  au  ant])iguity  in  the  common 
statement  that  organized  matter  ia  not  ordinartf  matter. 
Indisputable  in  one  sense,  tJiis  is  eminently  disputable 
wlifii  it  i»  interpreted  ns  uvideiice  of  a  i>cculiar  Vital  Force 
"wholly  unalUed  with  the  primary  energy  of  Motton." 
If  by  "onliuary  matter"  bv  nimut  oartlin,  cry^itals,  gases, 
vapora,  then  assuredly  oi^anized  matter  is  not  ordinary. 
"  Between  the  fwing  stale  of  matter  and  its  nott-Urittj) 
state,"  says  Dr.  Ifeale,"  there  i«  tia  absolute  and  invcoocil- 
able  ditTciitince ;  so  far  from  our  being  able  to  demonstrate 
that  the  nou-livini;  passes  by  gnidations  into  or  ^'nidually 
aaaumes  the  scale  or  condition  of  the  liviaig,  the  tTansition 
is  sudden  and  abrupt,  and  matter  already  in  the  living 
state  may  pass  into  the  non-living  coadttiou  in  the  same 
siiddfit  and  complete  manner."  *  Tlie  ambiguity  here  is 
sensible  ia  the  parallel  case  of  Uio  diffvruuce  between 
ar3ratallii!able  and  coagulable  matter,  or  between  one  crys- 
tal and  another.     If  wo  can  decompose  the  organic  into 

*  Cited  b;  DsTBDAU,  Li/i  and  Utt  Sfuitaiaut  of  Ak^  FM  IL 
p.1t9. 
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tho  inorganic,  thi«  shows  tbat  Urn  elemeDts  of  tlie  oue 
are  eletoenta  of  lite  utber;  aud  if  we  are  not  yet  able 
to  recoin[>o«e  the  inotgaiiic  elenieuU  into  organic  matter 
(not  at  Ktut  in  itn  morv  complex  forios),  may  this  not  be 
due  to  the  foct  tbat  we  are  ignoruit  of  tlie  proximate 
syniiicsLi,  ignorant  of  Uw  precise  way  in  which  the  ele- 
ments an  eombiaed  f  I  may  have  ever)*  iiicUvidual  part 
of  a  machine  before  mc.  hut  unless  I  know  Uie  proper 
petition  of  each.  I  caxatol  witb  tho  parts  reconetruct  the 
machine.  Indeed  the  very  common  argument  on  which 
90  much  stress  itt  laid  in  favor  of  some  mysterious  Prin- 
ciple as  the  source  of  otgknic  pbenomena,  namely,  that 
human  skill  is  liopeleealy  bsffted  in  the  attempt  to  make 
oi^nic  subsunccs,  still  more  8  living  cell,  is  futile.  Men 
can  Rtiike  machines,  it  U  said,  but  not  oi^nisnis,  cryo 
orgaiusnis  must  have  «  spiritual  origin.  But  the  fact  is 
tbat  no  man  can  make  a  machine,  unlaa  hu  lake  lutvau- 
tage  of  the  immunec  traditions  of  our  race,  aud  apply  tlie 
skill  of  millions  wtto  have  worked  and  thought  before  lum, 
slowly  and  beutatively  discovering  the  necessar)-  means 
of  ntewtiaiiical  effect.  The  greatest  thinker,  or  the  deepeat 
scholar,  who  did  not  place  himself  in  tlie  line  of  the  lia- 
ditiou,  and  team  the  principles  of  uicclianism,  aud  tho 
pfnjiertii.-^  of  thu  maleriaU,  would  be  aa  incapable  of  mak- 
ing a  wateh,  as  the  physiologist  now  is  of  niuking  a  cell. 
But  the  ftkill  of  man  has  already  succeeded  in  making 
many  cirj^anic  substances,  and  will  perhaps  eventually 
BDcoeed  in  making  a  cell,  certainly  will,  if  ever  Uic  special 
syntbcsts  which  binds  tlw  elements  together  should  be 
discovered.  Not  tbat  such  a  discovery  would  alter  tJie 
pMilioii  uf  Jtiokigj-  in  n^lation  to  Chemistry.  The  making 
i>[  albumen,  nay,  th«  const  ruction  of  an  ot^nism  in  the 
laboratory,  would  not  in  tlie  least  affect  the  fi>un(Iation  of 
Bifdogy.  would  not  obliterate  the  radiuul  diffca-ncc  b(>- 
tween  oi^ganisms  uid  anoi:guusm8.    It  is  the  speciality  of 


14 


THE  PUY8I0AL  BASIS  OP  MISD. 


orguiiic  phononutnA  which  gives  them  a  speotui  place, 
although  the  speciality  m»y  only  be  due  to  a  amplication 
of  general  agencies. 

VTTAL  roRCE. 

14.  A  similar  ambiguity  to  that  oftho  phrase  "onliaury 
matter  "  lies  in  the  equally  common  phrase  "  A'iliil  Force," 
which  is  used  to  de^ignaU;  «  special  group  of  agencies, 
and  \if  then  made  to  designate  an  agent  which  has  no 
kinship  with  Ihu  general  group  ;  that  is  to  itay,  instead  of 
being  employed  in  its  real  signification  —  that  wbicb  n]on« 
repri'sciits  our  knowledge  —  as  the  abntract  Rtalicnl  ex- 
preeeiun  of  the  complex  conditions  neces»an>'  to  the  mani- 
fe»taLion  of  vital  phenomena,  or  as  the  abgbiact  dyuainical 
expression  of  the  phenomena  theiiiHelves,  it  is  etnployed 
aa  an  exprcseinn  of  their  unknown  Cause,  which.  l>ecauso 
unknown,  is  dissociated  from  the  known  conditions,  and 
ercctc*!  into  a  mysterious  Principle,  having  no  kinship 
with  Matter.  In  the  first  sense  the  t«rm  in  a  shortluuid 
symbol  of  what  is  known  and  inferred.  The  known  con- 
ditions are  the  relations  of  an  organism  and  its  medium, 
the  organism  being  the  union  of  various  substances  all 
of  which  have  their  peculiar  properties  wlicn  isolated ; 
properties  that  di8a])iicar  in  the  union,  and  are  replaced 
by  others,  which  result  from  the  combination  ^  aa  the 
I  properties  of  chlorine  and  sodium  all  disappear  in  tJie 
l-8ea-salt  wbicb  results  fW>m  their  union ;  or  as  the  proper- 
'Uw  of  oxygen  and  the  properties  of  hydrogiin  di<Lap])ear 
end  arc  replaced  by  the  properties  of  water.  When  tbeni- 
fore  Vital  Force  is  said  to  be  cxalt«d  or  depn-siscd,  the 
pliniao  has  rational  interpretation  in  the  alteration  which 
has  taken  place  in  one  or  more  of  the  conditions,  internal 
and  external :  a  change  in  the  tisane*,  the  plasma,  or  the 
environment,  exalts  or  depresses  the  oneigy  of  the  vital 
mamfestations ;   and    to   suppose  that  this  is  effected 
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Uiroogti  tlte  agency  of  some  ejctra-organic  Principle  is  a 
jiUTvly  gntuitom  ficUou. 

15.  Tbae  we  are  ignorant  of  one  or  more  of  tlie  indis- 
pensaUe  conditioos  syinlwiixed  in  tlie  alMlntct  Icnn  VU 
tdlily  or  ViUil  Forctt,  is  no  rv«soD  for  quittin};  tlie  secure 
tboUKb  difficult  path  of  Obser\'ation,  aud  mailing  into 
the  facile  but  delusive  palb  of  Fiction,  uliich  pmjKiMa 
tneteuipiricol  Agents  (in  Uio  sbfipo  of  Vital  and  I'sycltical 
Principles)  to  solve  tbe  problems  of  IJfe  and  Wind.  We 
may  employ  the  Usrni  Vital  Force  to  lubul  our  observa- 
tions, togetiter  with  all  lliat  still  remains  unobserved,; 
and  we  are  bound  to  lecognixe  tbe  line  wbich  seiwrales 
obsem-atioQ  from  inference,  wliat  is  proveil  from  what  is 
inferred;  but  while  niaiking  the  limits  of  tlic  known, 
we  are  not  to  displace  tiie  known  in  favor  of  the  un- 
known. It  is  said  that  because  of  our  ignuTuucc  we  tuust 
assume  tliese  causes  of  Life  and  Mind  to  be  viuUtUd  with 
known  niHterial  causes,  and  belonging  to  a  diiferent  order 
of  existences.  This  is  to  convert  ignorance  into  a  proof; 
And  not  only  so,  but  to  allow  what  we  do  not  know  to  dis- 
place what  we  do  know.  The  orf.'niucist  ix  ready  to  admit 
that  much  has  still  to  be  diHoovert>d ;  the  vitalist,  taking 
bis  stand  upon  thif  nnknown,  denies  that  what  has  1)een 
tlificoveivd  is  really  important,  and  declares  that  the  real 
agent  is  wholly  niiallicd  U>  it.     How  cnn  he  know  tbJst 

lie  does  not  know  it ;  lie  assumes  it ;  and  the  chief 
evidence  1m>  ad<luoes  is  tliat  the  ordinary  laws  of  inorganic 
matter  are  incapable  of  explaining  the  phenomciin  of  or> 
ganized  matter ;  and  that  physical  and  chemical  forces  are 
controliwi  by  vital  force.  I  accept  b»th  thc^o  positions, 
Btrippinji  tbem.  Iiowever.  of  their  amljigiiities.  The  laws 
of  ordiDar>-  matter  are  clearly  incompetent  in  the  case  of 
matter  which  i*  >k>1  ordinary,  but  sprriutiud  in  orptnlsms ; 
and  when  wo  come  to  treat  of  'Materialism  we  shall  see 
bow  unscientific  have  been  the  hypotheses  wbich  di»re- 
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gard  tile  dUtinctiotL    The  question  of  coutrol  is  too  inter- 
esting and  iin[)ortaut  to  be  passed  over  her& 

VITAL  FOKCK  CX^KTROLLINO  PUY8ICAL  AND  CUEMICAL  F0RCE8. 

1&  Tbc  faots  I'elied  on  by  the  vitalists  arc  facts  wbicli 
every  oi^nici&t  will  uuipbiuize,  tbougli  bo  will  interpret 
tlteni  diilepeiitly.  When,  for  exatiipla,  it  is  8ftid  tbiil 
"  Life  n.-sist6  ibu  eflwt  of  mccbtinical  friction,"  and  tlio 
proof  adduced  is  the  fact  Uinl  the  fricLioD  which  will  Ibiii 
and  wear  uwiiy  a  duad  budy  is  actually  the  cause  uf  the 
thickening  of  a  living  —  the  skin  of  a  labour's  liaud  beiug 
thickened  by  Ids  labor ;  tbc  explanation  is  not  ibot  Ufi>, 
an  cxim-oijpuic  ajjcnt,  "  resists  mechaiucal  friction  "  — 
for  the  nieclmnical  eficcl  ii  not  resisted  (th«i  skin  is  rubbed 
off  the  rowt-r's  liand  sooner  than  tJie  wood  is  rubbed  off 
tjte  oar)  —  but  that  Life,  i.  a  organic  activity  repairs  the 
waste  of  tissue. 

17.  Again,  nl til ougU  many  of  tbu  physical  and  chemical 
processes  which  invariably  take  place  uitd<^r  the  influences 
to  which  tlie  substuiicvs  arc  suliji.-ctt.-d  out  uf  the  or^ffmism, 
will  not  take  place  at  all,  or  will  take  place  in  dilTeTent 
degrees,  when  the  substuuccs  arc  in  the  orj,'nnisni,  this  is 
important  as  an  argument  n^iist  the  notion  of  vital 
p!tt7i<imt:>ia  being  dcduciblc  froiu  physical  and  chemical 
lauv,  but  is  valueless  as  evidence  in  favor  of  an  extra- 
organic  agent.  Let  us  glance  at  one  or  two  striking  ex- 
amples. 

18.  No  experimental  inejuirei-  can  have  failed  to  observe 
the  alien  contradictory  results  which  .seemingly  uiiini)>or- 
tant  vnriations  in  tlie  conditioni  bring  about;  no  one  can 
havo  failed  to  observe  wliat  are  called  chemical  aflinitics 
wholly  frustrated  by  vital  conditions.  Kveu  the  ordinary 
laws  of  Diffiision  are  not  always  followed  in  tlie  organimi. 
The  Amoeba,  tliough  wmiiluid,  TBalsts  diffusion  whoa  alive ; 
bnt  when  it  dies  it  swells  and  bursts  by  osmosis.    Tbe 
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exclmnge  of  gaaes  doe«  not  take  phoc  in  tlie  tUsim,  pre> 
cist'ly  as  in  our  retorts.  The  /I'riny  tnusclo  respires,  that 
is,  takes  up  oxygen  and  ^vea  out  carbnuic  acid,  not  tm 
the  principle  of  simpl«  diffusion,  but  by  two  separable 
physiolagictl  praceuna.  The  carbonic  acid  is  g^vcu  out, 
rvL-n  when  then!  is  no  oxys^cu  wliatcvcr  prt-scnl  in  the 
atmosphere,  and  ita  place  may  then  be  supplied  by  liydro- 
j^n ;  and  tliis  physiolo^cal  process  is  so  diffbrvnt  from 
the  physical  proccaa  vhicli  goes  on  in  the  dead  muscle 
(the  twnlt  of  pDttcfAction),  tlist  it  has  been  proved  by 
Itanke  to  go  on  when  the  tcmpemturo  is  so  low  Lliat  all 
putrefaction  is  arrested.  Tlip  annio  experimenter  finds* 
llutt  whercas  living  ncn'e  will  lake  up,  by  imbibition,  10 
per  cent  of  potasli  salU,  it  will  not  take  up  1  ))er  cent  of 
Mdanlts.  presented  in  opud  coticunlnition  ;  and  tic  ]x>inte 
to  the  general  fact  that  the  absorption  of  inorganic  sub- 
slances  does  not  take  place  according  to  the  simple  laws 
of  difltiHion,  but  tliut  living  tissues  have  special  Uws,  the 
nerve,  for  instance,  having  a  greater  aflinilj'  for  neutral 
1>otash  solte  tluin  for  neutiat  soda  sult^.  Let  me  add.  by 
way  of  anticipating  the  probable  argumt^nt  that  may  ur^e 
lhi«  in  favor  of  Vital  I'riiiciplu  which  is  lightly  trc-ditcd 
with  the  preacionco  of  final  causes,  that  so  far  from  this 
"dectivo  ajfinity"  of  the  tissues  being  intelligent  and 
always  &Torable,  Itanke's  experiment.')  une<]uivnca11y  show 
that  it  is  more  odivc  towards  dtntnictive,  poisonous  sub- 
stances, than  towards  the  reparative.alimentarysubstanoea; 
wUidi  is  indeed  con»ist«nl  with  the  familiar  expericuoc 
lUat  poisons  are  more  readily  absorbed  ttian  foods,  when 
Uth  are  brought  to  the  tissues.  Thus  it  is  well  known 
that  of  all  thv  salts  the  sulphate  of  copper  is  ttint  which 
plants  most  rmtdtly  atxtorb  —  and  it  kills  them.  Tlio  spe- 
cial ofliQitics  disappear  as  the  vitality  disapitears,  and 
dying  plants  absorb  all  salts  e<itially. 

*  Kaiciu,  Di4  Ltbeiubrdiifanjtn  der  .Vctwh,  ISSS.  ji.  SO, 
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29.  The  more  tbe  organism  is  stu<liud.  th<!  mom  evident 
it  will  become  thitt  the  simple  laws  of  difl'usion,  as  pre- 
seated  in  anot^t^^uisms  rarely  if  evt^r  lake  eltuct  lit  tissues ; 
in  other  wonU,  what  is  called  Imbibitioa  in  Physics  is 
tbe  somewhat  difTcrvnt  jirocess  of  Absoqition  in  Physiol- 
ogy.*  Tbe  diU'erence  is  notable  in  this  capital  fact^  thM 
whereas  tbe  physical  dilTusiou  of  litiuids  and  gasea  is 
detemitnecl  by  diflcr(.-nc(!S  of  dunsily,  ibu  i>liy»i(>l<^cal 
absorption  of  liquida  and  gases  is  deterininiHl  by  the  ido- 
locular  organization  of  the  tissue,  whicli  is  perfectly  indif- 
ferent to,  ami  resists  tbe  entrance  of,  all  substances  inci^)*- 
bl«  of  entering  into  oi^ganic  combination,  either  as  aliment 
or  poison.  A  curious  example  of  tlio  indilTcrwiKM  of  or- 
ganised Hubatances  to  some  external  influences  and  their 
leactiuu  upon  otbets,  is  ibo  impossibility  of  provoking 
ciliary  movement  in  an  epithelial  ceil,  during  repose,  by 
any  electrical,  meclmnical,  or  chemical  stimuli  except  pot- 
asli  and  soda.  Vircbow  discovered  that  a  ntinuto  quan- 
tity of  either  of  th«M,  added  to  tlio  water  in  which  the 
cell  floated,  at  once  called  forth  the  ciliary  movements. 

20.  The  true  meaning  of  tbo  resistance  of  A'itality  to 
ordinary  cliemical  atSnity  is,  that  the  conditions  involved 
in  tbe  phenomena  of  Vitality  are  not  tbe  conditions  in- 
volved in  the  phenomena  of  (Ihoinistiy ;  in  other  wortte, 
tliat  in  tbo  living  organism  the  substances  are  placed 
under  conditions  different  from  tlioae  in  which  we  observe 
these  sulifltances  wbcu  their  chemical  itilinitios  are  dis- 
played  in  anorganisms.  Dut  we  need  not  go  beyond  tlie 
laboratory  to  see  abnndant  exnmpleji  of  this  so-called  re- 
ustanco  to  chemical  affinity,  when  tbe  conditions  are 
altered.  The  decomposition  of  carlionates  by  tarlftrio  acid 
is  a  chemical  process  which  ii  wholly  resisted  if  alcohol 

*  "II  n'y  apcut  ftnpuun  tml  ph^nomincchimiiaoLtna  rorj^nlmw 
Qui  M  Umv  par  \m  proorilf  t  tie  la  chiiuio  do  labonitoirF  :  i-ii  pnrtii^ulioT  Jl 
n'j  ■  jicDt  itn  [iM  uiir  oxjiklion  qui  a'lixomiiUuo  par  Qxnliou  Jinvt' 
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it  water  be  th«  solvent  eiupliiy«d.  Tlic  uniou  of 
iliiir  with  lc*d  is  wiiii  to  bu  due  to  the  affinity  of  tlie 
one  for  tbe  otberj  but  no  one  suppoeea  thi;»  afliiiity  to 
be  irrespective  of  conditions,  or  Uial  ibe  union  will  take 
place  wbon  any  one  of  tliese  conditions  Ls  absent.  If  ne 
fuae  a  compound  of  lead  and  iron  in  a  crucible  containing 
sulphur,  we  iind  it  is  the  iion,  and  not  tttc  )ead,  wliicb 
unites  with  tJio  sulphur;  yet  we  do  not  conclude  tliat 
ihcTu  is  a  Crucible  Principle  which  frustrates  chemical 
Minify  and  resists  the  union  of  sulplinr  and  load ;  we 
siniply  conclude  tluit  the  prcHcnco  of  tbe  iron  is  a  condi- 
tion which  prevents  the  coinbiiiatiou  of  the  itulphur  with 
the  lead :  not  until  all  the  iron  lias  taken  up  its  definite 
proportion  of  sulphur  will  tlic  ftftinity  of  the  k-iid  conic 
into  play.  Tliis  is  but  another  illustration  of  tbe  kw  tliat 
[effects  are  proaatioiu  of  (heir  eatua,  Hummations  of  the 
I  conditions  of  their  existenca  If  tJie  fire  burns  no  hole  in 
the  t^iketllo  m  long  us  llicrc  is  ^vatcr  tu  conduct  the  liuat 
away,  tliis  is  not  due  to  any  principle  mote  mysterious 
I  than  the  prusenco  of  a  readily  conducting  water* 

*  Dr.  JUddrn,  ill  Ilia  muf  Oh  Ifut  Xrltttimt  of  Thtmpeutkt  te  Sfedi- 
[eine,  IS7I.  p.  6,  glvM  a  ronatluDlc  illustntioiiurwbU  nay  Ui^WUie 
[rnstntiao  it  i^heniKd  nftuity  pffretwJ  by  nK^-hniiinl  conditions.  •■  Be- 
[fo«  rolico  Fan  he  jirintnl,  «Ti:iy  looM  particle  orroikoi  niDit  Ic  rcDiored 
'  tram  Iba  uofaat  in  MOrr  tliat  Ihn  colored  inki  may  not  ran.  This  n- 
I  nwvkl  la  eflkdHl  by  pMiing  the  ealico  over  aud  iii  coiiUtl  witli  a  ml-hot 
I  Inm  cy)inil«r,  and  bjr  icgnldting  tbn  npidity  with  vhich  th*  crltiidcr  re- 
I  Tolvni,  iIm  iiitenM  hot  banu  ofT  tlw  lonn  llbiM,  yet  doc*  no  injury  to 
thf  iTomi  elaOi.  In  i>llii>r  inatU,  the  changn  in  thn  rvlitioD  of  lli'-  liigh 
Mnpcniniic  and  the  cotton  «»  to*  wpid  lo  aJmit  of  th«  flbro  eomhinins 
L  with  tlie  oxygm.  Lei  ilio  tate  «f  revolution  W  rnlneed  b«  vtsy  littt«. 
End  Iha  nilioo  »oiil<)  tninT  IdIa  Dam**."  Any  one  who  baa  muffed  a 
I  CMuUa  silk  hli  ingen  wi)\  nndcMnnd  thii.  Dr.  Sfaddrn  fnillxr  In- 
J  UuMa  Mrlaia  fulminitia  irbich  can  be  ilvtonnt^l  in  cnntart  Kith  gna- 
I  coUoii  oitlinul  nuunng  it  to  explode  —  tlir  eitmma  ni|iidity  with  whteh 
I  the  talntiiutM  expand  it  loo  (treat  to  Piinble  the  sun-eottoa  to  a^juiA  lla 
nte  lo  thii  new  motion.  Frefiiiely  tbe  aanv  kiiiii  of  Oiitiik  ncenn 
nitod  tnaltrr.  If  llie  rat*  nf  (u  i-titiiijte*  Ih>  ii^uenl  lirlatr  ft  ccr- 
,  the  Mdinary  ehnnlcal  alBnitica  will  oMcrt  thenurlres. 
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21.  In  accordance  with  the  law  of  C^uHatioD  just  men* 
tioned,  which  has  been  expounded  in  detail  in  our  Kiret 
Series  (Vol.  II.  p.  335),  the  special  oombinatiuiut  uf  JfaUcr 
io  organianiH  must  jiri^ent  i'|M>ciiil  (ihmionieiiiL.  Tlieraforo 
since  the  i)rovjiipe  of  Bioloy'  is  that  of  explaining  or- 
ganic phenomena  by  means  of  their  oi^nif:  conditious,  il 
must  be  Tadioatly  distiDgimhed  from  Hits  provinces  of 
I'Uysies  and  Chuniistiy,  which  treat  not  of  organized  but 
of  inorganic  matter.  It  is  idle,  it  is  worse,  for  it  is  Rii«> 
leading,  to  personify  the  organic  conditions,  knon-n  nnd 
inferred,  in  a  Vital  Principle  ;  idle,  liecanse  we  might  with 
e<iua]  propriety  personify  the  conditions  of  crystallization 
in  a  Oiystnl  Prineiplu ;  misleading,  because  the  artifice  ia 
(quickly  dropped  out  of  sight,  and  the  abstract  t«nn  then 
becomes  accepted  as  an  entity,  supposed  to  create  or  rule 
tlie  phenomena  it  was  invented  to  express. 

22.  Incinirers  are  but  tno  apt  to  misconceive  the  value 
of  AnaU-sis,  which  is  an  artifice  of  Method  indispensaUe 
to  research,  though  neetiing  the  complementary  reciifica* 
tion  by  Synllicsis  before  a  real  explanation  can  be  readied. 
Analy.>u3  decomjtoses  the  actual  fact  inio  ideal  factors, 
scpanttea  the  group  into  ita  comjionenta,  an<l  conaidets 
each  of  these,  not  as  it  exists  in  the  j,'Toup.  in  the  r«itity. 
but  as  it  exist*  when  theoretically  detached  from  the 
others.  The  oxygen  and  liydrogen  into  which  w(it«r  is 
decomposed  did  not  exist  as  these  gases  in  the  water;  tbe 
albumen  and  phosphate  we  extract  from  a  nerve  did  not 
exist  as  isolated  albumen  and  phosphate  in  the  uorve.  tbcj 
were  molocularly  combined.  In  like  manner  the  physical 
and  chemical  processes  which  may  analytically  l>e  inferred 
in  vital  pi-oec«5es  do  not  really  take  place  in  the  same  way 
OS  out  of  the  orgauism.  Tlic  real  process  is  always  a  vital 
process,  and  must  ))0  explained  by  the  synthesis  of  all  the 
co-operant  conditions.  The  laws  of  Physics  and  Chemis- 
try formulate  abstmfit  expressions  of  pheaomeua,  where- 
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trcr  and  whenever  these  appear,  without  lefereiKe  to  the 
mod(s  of  pnndtutioH ;  and  in  this  sense  tho  movement  of 
a  limb  is  no  less  a  case  of  Byaamics  than  tite  movement 
of  u  ptillcy  - —  the  decomjxwition  of  a  tissue  is  a  case  of 
Cliemistiy  no  leas  than  the  dccompusition  of  •  carbouatu ; 
tlie  electromotor  pheitomena  obsen'ed  in  muscle  are  as 
purely  pli)'3iuil  om  those  ob»erved  in  a  t«W^Tnp)i.  But 
when  a  biologist  lias  to  explain  the  movtmtiits  of  the 
Itmba. or  the  (leoompositiouit  of  tissues, he  has  to  dpat  nith 
tJie  pheuomonii  mid  their  modf*  of  pruduction,  he  ha«  a 
particular  group  before  him,  and  must  leave  out  noth- 
inj;  tliftt  is  characteristic  of  it.    The  moveineiit:^  of  the 

■  pullty  do  not  dcijcnd  on  Contractility  and  Soiiaihihty, 
which  in  turn  depend  on  Nutrition.  The  decomposition 
of  the  carbonale  does  not  depend  on  conditions  rejem> 
bling  those  of  a  living  tissue.  Vaucanson's  duck  was  sur- 
^hniaingly  like  a  living  duck  iu  many  of  it^  movenK^nt« ; 
but  in  none  of  it4  actions  was  there  any  real  similarity  to 
the  actions  of  a  bird,  because  the  machine  wa.'^  unlike  au 
organism  in  action.  The  antithesis  of  mechanism  and 
OTj^anism  will  be  treated  nf  in  §  78. 

2'S.  We  conclude,  then,  thnt  defining  physical  phenom- 
ena as  the  movements  which  lake  plftc«  without  change 
of  Btmctnre,  and  chemical  phenomena  as  the  movements 
teith  change  of  stntctiirc,  although  both  classes  may  be 
anid  bo  take  p1ac«  in  the  organism,  and  to  be  IJie  primary 
conditions  on  which  organic  pheD<imenii  depend,  thoy  do 
sot  ttmbmco  the  wliok-  of  the  condiiionR,  nor  are  the  sci- 
enoea  wbicli  formulate  them  capable  of  formtdntJng  either 
the  special  phenommm  charactcrisUc  of  organisms  or  their 
<!I>ocial  niodcit  of  production.  The  biologist  will  employ 
chemical  and  physical  analysis  as  an  essentinl  part  of  his 
method ;  but  he  will  always  rectify  what  is  artificial  in 
this  procedure,  by  subordinating  Uie  laws  of  Physics  and 
Chemistry  to  the  laws  of  Biology  revealed  in  the  sya- 
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tbctic  obscrvBtion  of  the  organism  as  a  whole.  The  recti- 
ficaUon,  here  insiBUrd  on,  will  Iw  nwo^iizod  as  peculiarly 
urgent  in  Paychologj",  which  Iiaa  greatly  sutfered  from  the 
nusdiniclioD  of  Auitlvjis. 

24.  No  one  will  misundersUnd  this  Hpocialiiation  of 
Biology  to  menu  a  s^iiarittion  of  Life  from  th«  scrim 
of  objective  [thenoineim.  and  the  intinductinn  of  a  new 
entity ;  th«  specLalization  poinU  to  a  Mode  of  Existence: 
All  class ificstiona  are  artifices,  but  tbey  have  their  objec- 
tive grounds ;  the  ground  of  difference  on  whi<Ii  Hiology 
is  eepamt4.'d  from  Chemistry  and  riiysics,  tbou<;h  all 
three  may  bo  mexsed  in  a  common  identity,  ia  such  as  to 
justify  the  term  radical.  A  vital  [irocujia  is  no  more  to 
!«  coiiaidcrud  jiliysJco-clicmical,  because  physico-chemical 
coiiditioua  are  presupposed  in  it,  tbaii  n  feeling  is  to  be 
considered  a  nutritive  process,  because  Nutrition  ia  pre- 
supposed in  all  Feeling.  Organic  substancits  linve  been 
matle  by  cbeiuiats,  and  inonjanic  "  colls  "  have  also  been 
made;  but  tliese  substances  were  not  orgiitii];ed,  these 
"cells"  would  not  live.  Tiio  t^rm-coll  is  tlie  workshop 
of  genor.ition.  the  sccrotiug-cel]  iJio  workaliop  of  secre- 
tion, the  muscle-cell  the  workshop  of  contraction.  What 
is  required  over  and  above  organic  substances  and  cell- 
forms,  is  that  special  slfitc  called  organisation.     See  §  49. 

Tliose  who  contemplate  the  mauifostations  without  also 
taking  into  acctmnt  their  modes  of  produclion  may  8c« 
nothing  but  physico-chemical  facts  iu  vital  facts.  It  is 
by  a  similar  limitation  of  tlie  )H>iut  of  view  that  Vitality 
is  often  confounded  with  Movement,  and  portions  of 
organic  matter  are  said  to  live,  simply  ou  the  evidence 
of  their  movementa.* 

*  1  ua  on«i  leuiindnl  of  the  mtiiridnii  noTFtncnt*  of  ittitidM  of 
mrlwiiiU*  of  limn  In  mu-r  wliiili  mf  fntitKl  Prafi^ur  Pbxtkh  sliowrd 
me  iliiriiiti  a  riitt  to  Bonn,  lie  imd  rvmovnl  mu:  of  tlia  coocntitiTiis  tiKU. 
alljr  foUDil  in  con  neutioD  with  ncmi  along  the  B|>iiie  of  old  frogs,  en  J 
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cnuhed  it  in  iratn  ;  ander  the  microscope  the  aecming  tponbuieitj  uid 
nriety  of  the  moTemeQtt  of  the  particles  was  Buch  that  had  we  not 
known  their  origin  we  should  certainlj  hare  attributed  them  to  Titalily : 
no  inTuaoria  could  have  mored  with  mora  aeemiDg  Bpontnueity.  It  i> 
fawdl;  pbjdoh^cal  to  couclude  that  becaase  rtngmeuta  of  tisiue  mani- 
fest amcebifonn  movements  therefore  thej  are  alive  (Stuickbh,  art  Dit 
ZelU  in  bii  HandbuA  der  Lthre  von  den  Qtwcben,  1ES8,  p.  7),  or  that  the 
heart  removed  from  the  body  is  aUet  because  it  still  beats.  Likber- 
KttaN,  Ueber  BtviegungacTtcheinungm  der  Ztiltn,  1370,  pp.  SS7-359, 
cites  examples  of  «uch  movementii  in  undeniably  dead  substances.  For 
Life,  we  demand  not  on];  Movement,  but  Functional  Activity. 
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CHAPTER    II. 


D£FD.'mOKfi  OF  LIPE. 

25.  BiOLOOT,  the  science  of  life,  being  thus  assigned 
its  place  in  the  hienircliy  of  objective  kws,  we  now  i»rg- 
cccd  to  consider  what  the  term  Lite  symbolizes. 

By  a  Ifti^o  prolimiuary  siniplificatiou,  Lifv  may  be  de- 
fined as  the  mode  of  cxittrwc  of  an  organism  in  relation 
to  tit  medium.  To  render  tbis  of  any  value,  however,  a 
dear  conception  of  tbe  organisni  is  first  indispensable ; 
and  tbis  must  be  preceded  by  an  examination  of  the  vari- 
ous attempts  to  define  life  in  anticipation  of  such  a  clear 
concqition. 

26.  Every  phenomenon,  or  group  of  phenomena,  may  be 
viewed  under  two  aspects  —  the  gtaiical.  which  coosidera 
the  conditions  of  existence;  and  the  ilynamicai,  whirJi  con- 
siders these  conditions  in  their  rcsullant, —  in  their  arfKWi. 
The  statical  definition  of  lafe  will  express  Ihe  cunnexus 
of  the  properties  of  organised  substance,  all  tliose  con- 
ditions, of  niatUir,  form,  and  t*xtuiv,  and  of  relation  to 
external  forces,  on  which  the  organism  depends.  These 
vaiions  conditions,  condensed  into  a  single  symbol,  con- 
stitute Vitality  or  Vitnl  Force,  nod  arc  hence  taken  as  the 
Cause  of  vital  phenomena.  The  dynamical  definition 
win  express  the  cooucxus  of  Functions  nnd  Faculties  of 
the  organism,  which  are  the  statical  properties  of  organ- 
ized substance  in  action,  under  definite  relations. 

It  is  obvious  that  tlie  ti;nn  Life  must  vary  with  the 
varying  significates  it  condenses, —  every  variation  in  the 
complexity  of  the  organism  will  bring  a  corresponding 
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fulness  in  the  signification  of  tbc  t«rm.  Tlie  life  of  a 
\t\aat  13  less  sij^niliatnt  than  the  life  of  an  anituul ;  aitd 
tiie  life  of  a  uiulhiso  lesa  than  that  of  a  tisfa.  Bat  not 
only  is  the  term  oue  of  varying  significance,  it  is  ulwujs 
an  absCnct  t«nn  which  drops  out  of  gi^'ht  particular  con- 
crete (liffeTenoes,  n^ist«riug  only  the  uoiversal  rcecm- 
hlanccs- 


27.  it  wonk]  be  a  profitless  Inbor  to  search  out,  and  a 
weaiisoroe  inlUctjou  to  sut  down,  the  various  definitions 
which  Iiave  been  proposed  and  accepted ;  but  oertaiu 
chawtcteriaUc  axamplea  may  be  selected.  All  that  1  am 
acquainted  witli  belong  to  tiro  claBites :  1 ',  thu  m<la-phy- 
Biological  hypothesis  of  an  ejcfra-oTganic  agent,  animating 
iifalest  matter  by  unknown  powers ;  2°,  iho  physiological 
bypoUifisia  which  seeks  tJte  cause  of  the  phenomeoa  (i.  e. 
the  conditionji)  iciMtH  the  ot^niitm  itself,  —  a  group  of 
coudiliuns  akin  to  those  manifested  elsewhere,  but  differ- 
ently combined.  The  fir^l  Iij'jtothescs  are  known  under 
the  names  of  Animism  aikd  Vitalism, —  more  commooly 
the  latter.  Hie  second  are  known  as  Org»nici»n  and 
Materialism.  —  but  the  latter  term  only  Hpi)liv«  to  some 
of  the  dtffinitioDft. 

2S.  Coder  Vitalieia  arc  included  all  the  liypotheMS  of 
a  soul,  a  Hpirit,  an  nrchxus,  a  vital  priDci))le.  a  vital  force, 
a  nisus /ormalit'^^s.  a  plan  or  divine  idea,  which  have  from 
time  to  time  represented  the  metaphysical  stage  of  Biol* 
ogy.  Tlie  characteristic  of  that  stage  is  tlie  pemonifi- 
cation  of  a  mystery,  accompanied  by  the  persuaitioii  that 
to  name  a  mystery  is  to  explain  it.  In  all  scienceH  when 
processes  are  imperfectly  olwerved,  tho  thmrt/  of  thtt  pro- 
onscs  (which  ia  a  systematic  aurvey  of  the  available  evi- 
denoe  marshalled  in  the  order  of  causal  dei)ciidcitcc)  is 
supplemented  by  h>/pot?u$U,  whicli  fills  up  with  a  guess 
the  gap  left  by  obsenation.    The  difference  bet  ween  tlie 
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metaphysical  and  the  positive  stages  of  a  science  lies  in 
the  kiud  uf  gue«s  thus  introduced  to  supplement  theory, 
and  the  degree  of  roliance  accorded  to  it.  I  }iave  more 
thaa  once  insisted  on  the  scieotitic  canon  that  "  to  be 
valid,  an  explanation  must  be  expressed  iu  terms  of 
pheoomeiin  already  observed  " ;  now  it  is  quite  clear  that 
most  of  the  extra-organic  hy^wtheses  do  not  fulfil  thi^  con- 
diUon  ;  no  one  liaving  ever  observed  a  spirit,  an  archwus, 
or  a  vital  principle ;  but  only  imt^ned  these  agents  to 
explain  the  facU  observed.  Aa  an  example  of  tlie  (lif- 
fcrencc,  and  a  pi-oof  that  the  value  of  an  hypothesis  does 
not  rest  on  the  facility  with  which  it  connects  ohscr^-a- 
tioiis,  and  seems  to  explain  them,  take  the  thrvc  hypoth- 
eses of  animal  spirits,  nervous  fluid,  and  electricity,  by 
which  neural  processes  have  been  explained.  Tlie  ani- 
mal spirits  are  imnginftry ;  the  nervous  fluid  is  without  a 
basis  in  observation,  no  evidence  of  such  a  fluid  having 
been  detected  ;  but  electricity  (or,  speaking  rigorously,  the 
movements  classed  as  electrical),  although  not  proved  to 
bo  the  agent  in  uerve-actiou,  is  proved  to  exist  in  nerves 
as  elsewhere,  and  ila  modes  of  operation  are  verifiable. 
It,  tliercfortt,  and  it  alone  of  the  thiue  hypotheses,  is  in 
conformity  with  tlio  scientific  canon.  It  may  not,  on  full 
investigation,  meet  all  req^viirfimeiits ;  it  may  he  rejected 
08  imperfect ;  but  it  is  the  kind  of  nac»s  which  scieatiGo 
theory  demands. 

The  second  diffcrenco  noticcablo  between  the  meta- 
physical and  the  positive  stages  is  the  degree  of  reliance 
accorded  to  Iij^iothosis ;  which  is  very  much  tlie  same  as 
that  noticeable  in  the  uncritical  and  crilical  attitudes  of 
untrained  and  trained  int<!llcct&  Tlic  one  accepts  a  guess 
as  if  it  were  a  proof;  is  fa.Hcinated  by  the  facility  of  link- 
ing together  isolated  obscr\-fttions,  anti,  relying  on  tho 
guess  OS  truth,  proceeds  to  deduce  conclusions  from  it; 
the  other  accepts  a  guess  as  an  aid  in  research,  trying  by 
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its  aid  to  come  upon  somo  obscrvatton  whicb  will  levca] 
ihe  hidden  proces-i ;  but  careful  never  to  allow  tli«  guess 
to  swpiTacde  (^rration,  or  U>  form  a  basis  of  dvductioiu 
not  immediately  vorilied. 

2d.  A  gtimce  at  the  ineUipliysiological  doliiiilions  will 
detect  both  the  kind  of  guvsa  mid  thv  kiiid  of  reliaiice 
which  ptevailed.  The  mj-atery  was  not  simply  recog- 
nized, il  WW  (lenuiiitivd  as  an  entity:  Will  uiid  Intelli- 
gence were  Hbemlly  accorded  to  it,  for  it  was  supposed  to 
sbapc  matter,  and  direct  force  into  predestined  paths  by 
prescience  of  a  distant  end.  The  observed  fuct«  uf  the 
^g  passing  through  emcceisaive  clianges  into  a  complex 
organism  were  so  marvcllotis,  so  unltku  any  facts  obeerv-- 
able  in  the  iuorgunio  world,  that  they  seemed  to  deinuud 
a  cause  drawn  from  higher  .'wurces.  The  raysteiy  of  life 
obtruded  itaelf  at  every  turn.  It  was  named,  and  men 
&nciec)  it  explained.  Hut  in  truth  no  mystery  ia  got  rid 
of  by  explanation.  Iiowcvcr  valid ;  it  is  only  shifted  farther 
bock.  Explanation  is  the  n>.soliition  of  a  complex  phe- 
nomenon into  it«  conditions  of  exiMcnee — iIk^  jiroducl 
is  reduced  to  its  factors ;  the  explanation  ia  final  when 
this  r«Mlution  has  been  w  complete:  that  ii  r«conslructioii 
of  the  product  is  possible  from  the  factors.  The  vast  ma- 
jority of  ex}>Ianations  ^  especially  in  the  organic  K^on 
—  are  no  more  than  what  mathematicians  call  "  a  first 
approximation."  It  is  through  succeaaive  approximationa 
that  RCtvnco  advances ;  but  even  wlicn  the  final  sta^a  i^i 
reached  a  mysteiy  remains.  We  may  know  that  certain 
elements  combine  in  certain  projKirtioiia  to  produce  cer- 
tain snbstanoes;  but  why  they  prudiicQ  these,  and  not 
different  sabstanocs,  is  no  clearer  than  why  muscles  con- 
tract or  orj^aiusms  dio.  Tbia  ^VI)y  h,  liowoii-cr.  an  idle 
qnestion.  Tlial  alone  which  truly  concerns  ua  is  the  How, 
and  not  the  Why. 

30.  Biology  ia  still  a  long  way  off  the  How.    But  it 
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can  boast  of  many  approximations ;  nnd  iu  theories  are 
to  be  tasted  liy  ihe  degree  of  approximation  tliey  eflcct, 
111  tliis  liglil  llic  pljysiulof'ical,  i»/''a-oi-guuii.<,  Lyputbescs 
niatiifestly  have  tlie  adraotoge.  Many  of  tlieiu  an>  in- 
deed very  unacceptAble ;  they  niti  ywidt-d  by  a  mistaken 
conception  ol"  tlic  tnitlis  reached  by  Analysis.  For  wheo 
men  tirst  began  to  discard  the  extm-or^itiiic  hypotliesea, 
and  to  look  into  the  urgnnism  itself,  they  were  so  much 
impressed  by  the  mechauical  foctit  observed,  that  llicy 
endeavoi-ed  to  leduee  all  the  pheDomeoa  to  MeclianicB. 
The  cireultttioii  beutme  Hiiii])ly  a  (jiivstion  of  hydraulics. 
Digestion  was  expliiiiiud  as  trituratioii.  The  chemist? 
then  appeared,  and  their  shiblxileLha  were  "  aflinities " 
and  "oxidations."  AV'ith  liichat  nrusc  the  unalomiciU 
school,  which  decoin{>osing  the  organism  into  oi^ans,  the 
oi:gaiiH  into  tissues,  and  these  ti^ues  into  tJieir  clemcnls, 
sought  the  nnalytical  conditions  of  existence  of  the  or- 
ganism in  the  )>roportics  of  thcsL-  U-^stu-s,  aiid  the  functions 
of  these  oigan^.  The  extra-organic  agent  was  thus  liaaUy 
shown  to  be  not  only  a  fiction,  but  a  needless  fiction. 

Evcr>'  sludciit  of  tho  history  of  tlie  science  will  note 
how  from  the  very  ucccssitio-i  of  the  case  the  metajihysi- 
ologiat«,  wilhoiil  relinquishing  their  Vital  IViiwiipI^,  have 
been  led  more  nnd  more  to  enter  on  the  track  of  the 
physiolfjgista,  pursuing  their  researches  more  and  more 
into  the  processes  going  on  in  the  organism,  and  assigning 
more  and  more  causal  efficiency  to  these,  with  a  corre- 
sponding restriction  of  the  province  of  their  extru-oiganie 
cause.  Hence  in  the  ranks  of  the  vitalists  have  been 
found  some  of  the  very  best  observers  and  llit-orists ;  but 
they  were  such  in  despite  of,  nnd  not  in  consequence  of, 
their  hypotliesis,  which  was  only  invoked  by  them  when 
evidence  was  at  fault  Nor,  unscientific  as  vitalism  is, 
can  we  deny  tliat  it  has  been  ho  fur  serv'ict-able  tu  the 
science,  that  it   has   corrected   the   materialist   error  of 
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endeavoring  to  exptaia  org&nic  phonoDieDa  by  physioo- 
clietnical  laws;  and  Itns  persistently  kept  in  view  tbe 
mdiuil  (lifTcrcnoe  bctweoi)  otiguuc  uiiJ  iiioi^'«uic. 

31.  These  remarfca  may  justify  a  selection  of  deflm* 
tions,  cla»ified  under  the  two  lieada.  Xlie  selection  is  fitly 
opened  by  the  Aristoteliuu  definition  which  prevailed  for 
uentiiiius. 

Aristotle  distjngni^lies  Life,  which  he  snys  meanti  "  the 
faculties  of  sclf^uonrishnient,  self-development,  and  self- 
decay"  from  the  Vital  Principle.  Every  natuml  body 
manifesting  life  may  be  regarded  as  an  essential  existence 
(omtm);  but  thfK  it  is  an  cxUUTtee  only  aa  a  stpuluavt  («« 
avr6en))-,  and  since  an  organism  is  such  a  synthesis,  being 
possessed  of  Life,  it  cannot  bo  the  Vifjil  Principle  (■^rtr^). 
Therefore  it  follows  tliat  the  Vital  Principle  miisl  be  an 
essence,  as  being  the  Form  of  a  nutntal  body  holding  life 
in  pottiUialitt/.  Th«;  Vital  IMnciide  is  the  primary  reality 
of  an  organism.  "  It  is  thcKfore  as  idle  to  ask  whether 
the  Vital  I*riiM:ipte  and  Organism  are  one,  as  whether  the 

wax  and  the  impress  on  it  are  one Tims  if  an  eye 

were  an  animal,  Vision  woidii  he  it«  Vital  Princii)le :  for 
Vision  is,  abstractedly  oonsidered,  the  essence  of  the  eye ; 
but  the  eye  ia  the  body  of  Vision,  and  if  VUion  Iw  want* 
ing,  then,  save  in  name,  it  is  no  longer  an  eyo." 

Apart  from  certain  metaphysical  iinplicatinns,  inevitable 
at  that  period,  Ibere  is  profound  insight  in  this  passage. 
Uis  adversary  Teleaio  quite  miscouceivea  tlio  meaning 
liere  aasigued  to  the  Vital  Principle.* 

32.  Let  us  pass  over  all  the  intermediate  forms  of  tha 
hypothesis,  and  descend  to  Kant,  w)io  defines  Life  "an 
internal  principle  of  action  "  (this  does  not  distinguisli  it 


■  TKUnira.  Dt  Kalura  Reram,  ISM,  V.  \H.  TsiXDTo  initiht  hkv* 
bm  mml  rnm  th(i  nii«Ukr  1i*d  lie  stimiiln]  In  <rl»t  Niniirn  hui  m\A 
Ml  Ihn  point  Id  hi*  Rip«Mo  ttittaMma,  IftSf),  p.  US.  Comp.  kbo 
pKiUi-pncs,  ^M.  Pamiiliitntm,  1S02,  p.  SS3,  tvrm 
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tmm  fenaeutiUuu) ;  m  W|^iiiim  he  mjt  is  "  tint  tn 
wUcfa  evefy  part  b  mt  once  ajoiw  and  end."  "  £adi  put 
of  the  Uriag  body  hu  its  caiwe  of  exiMaice  id  tiw  whole 
oiguuani ;  wbensu  io  DOD-ltving  bodies  csdi  part  bu  it« 
caiue  io  ttaam"  Jobamea  M**!!"*  adopts  a  mmilar  view : 
'TbehamoaioaaactiaQartbeeateatttlputs  uf  tliu  imlt- 
Tidaal  mbaist  only  by  tbe  influeoca  of  a  force,  the  opeiS' 
tion  of  wliicli  U  extended  to  all  (Arta  (if  the  body,  and 
doea  nut  depend  on  any  aogjle  partA ;  this  /onx  muri  ead 
JttfoTK  tAt  parts,  wliich  an  in  fact  formed  by  it  durii^  the 

derelopment  of  the  etubrro The  vital  foroe  inbemit 

ia  them  generates  from  ilce  oigaoic  matter  tbe  essential 
orjjBnii  which  constitute  the  whole  being.  This  ratimmi 
creative /aree  is  ex«rt«d  in  every  animal  strictly  in  aecoid- 
aaoe  with  what  the  nature  of  each  requiree.'' 

33.  This  is  decidedly  inferior  to  AristoUe,  who  did  not 
oonfoand  the  Tegetativc  with  tlte  mtiona]  principle.  It 
nato  on  tbe  old  metajili)'!<i<-Jkl  error  of  a  rw  maiieatrix,  an 
error  which  cannot  eostain  itself  ^^linst  the  strikti^  facts 
which  constantly  point  to  a  ru  datnutrix.  a  dcstroctire 
ten<li?ncy  quite  as  inexorable  as  the  (rarative  tendency. 
And  the  experimental  biolc^st  soon  becom«s  iiapreseed 
with  the  fiict  that  tbe  tisanea  liave  indeed  a  trirdiiy  action, 
by  which  from  out  the  mitricnl  inau-riul  only  these  sub- 
Btancra  are  a^simibitcd  which  will  enter  into  coniliinottoo 
with  tJiem  ;  but  tJiis  selective  action  is  fatal,  no  less  tlian 
npatati%-e  :  substances  which  poison  the  tissue  are  taken 
np  as  rea<tily  as  those  which  nourish  it,  TIio  id(»  of 
preacience,  iherefnre,  cannot  hv  sustained ;  it  is  indeed 
•cldom  iti«t  with  now  in  the  writings  of  any  but  the 
MontiK'llicr  achoo].  who  contimio  tbo  tnidition<t  of  StaM's 
teaching.  It  has  been  w)  loiij;  explodwi  ebtcwhere  that 
one  is  surprised  to  find  an  English  physiohigist  clingiog 
to  a  modification  of  it  — I  mean  Dr.  Lionel  lleale,  who 
repeatedly  insists  on  Life  as  "  a  peculiar  Force.  Umjwnt- 
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rOjf  ameeiaifd  witli  mnttor,"  a  "power  capable  or  con- 
tnJling  and  directing  both  matter  and  force,"  lui  "  undis- 
eowmi  fonn  of  force  Aan'nj  no  amnectUm  ioitk  primary 
auTffif  or  motion."  "  Th«  higber  phenomena  of  the  Der- 
voua  ^■fltem  are  probably  due  primarily  to  tbe  movemeuts 
of  the  genninal  matter  duu  to  vitnl  power,  wbich  vital 
power  of  this  tbe  highest  form  of  germinal  matter  U  in 
fact  the  living  /." 

34  Apart  from  the  primaiy  objection  to  all  these 
definitions,  namely,  that  tbey  seek  to  express  organic 
pbenomvoa  in  lennfl  of  an  extr«-organic  principle,  to 
formuliite  tJ»o  fact*  obsfrred  in  temia  of  a  cause  inftrrnl, 
there  is  tbe  fatal  objection  that  they  si>cak  eonfidetilly 
on  what  is  avowedly  nnknon-n.  If  tbe  force  be.  aa  l>r. 
Beale  says,  "undiscovered,"  on  what  ground'*  can  ho 
assert  tlittt  it  has  no  connection  with  the  forces  which 
known  ?  All  that  the  observed  facts  warnint  is  Iho 
assertion  that  oi^ganic  i)henoniena  are  special  (which  no 
one  denies),  and  must  therefore  depend  on  spL-cJal  oom- 
bination.1  of  matter  and  force.  But  on  this  ground  we 
might  assume  a  crystallizing  Forec,  and  a  congnlatiiig 
Force,  having  no  connection  with  the  molocidar  forces 
tnuiifested  elsewhere :  these  also  are  special  phenomena, 
not  to  Ihj  confounded  with  each  other. 

35.  Sclielling  defines  Life  o.t  "  a  principle  of  individua- 
tion" and  a  "cycle  of  successive  changes  determined  and 
fixed  by  this  internal  principle."  Which  is  so  vague 
that  it  may  be  applied  in  verj'  difTerenl  senses.  Bichat's 
celebrated  definition  (which  is  only  a  paraphrase  of  a 
sentence  in  StaW),  "  the  sum  of  the  functions  which  re* 
sist  Death,"  although  an  endeavor  to  express  the  facta 
from  the  Intin-otp»nic  point  of  view,  is  not  only  vague, 
but  misn'presents  one  of  the  cardinal  conditions,  by  treat- 
ing tlio  External  Medium  as  antagonistic  to  Life,  whereas 
life  is  only  possible  in  the  relation  to  a  Medium. 
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36.  Were  it  not  so  vague,  tlie  definition  proposed  by 
Dugis  and  B&:Iard  would  be  uuexocptioaable :  i)iv  fornior 
saya  it  is  "the  special  activity  of  organized  beings"; 
th«  latter,  "  the  sum  of  the  phenomena  proper  to  or)^n- 
ized  bodies."  Whi-n  siii>plunieut(.-d  by  a  duscriptiou  of 
oiganized  lioilies,  titese  formulae  are  compeudloua  and 
exacts  The  same  icniark  ap])liea  to  the  definitiou  of 
I&Riarck :  "  that  state  of  things  which  permits  orgaDic 
movcmenU;  and  these  nioveinents,  whidi  constitute  active 
life,  result  from  a  stimulus  which  excites  tJiem." 

37.  I>c  Itlainville,  and  after  liini  Conite  and  (:harl«s 
Ikobin,  define  it  thus:  "Life  is  thv  twufuld  iutcniul  muve- 
incnt  of  composition  and  decomposition  at  ouce  general 
and  continuous."  Tills,  excellent  as  regards  what  is 
called  vegetal  life,  is  very  jirojwrly  objected  to  by  Mr. 
Herbert  Si>eucer  in  that  it  excludes  those  nervous  and 
muscular  functions  which  are  the  most  conspicuous  and 
distinctive  of  vital  pbeiiameua.  The  same  objection  must 
be  urged  against  IVofossor  Owen's  definition :  "Life  is  a 
cantre  of  intossusceptive  assimilative  force  capable  of 
reproduction  by  spontaneous  fission." 

38.  In  lS!^i3.  after  I'eviewing  the  various  attempts  to 
express  in  a  acntouce  what  »  volume  could  only  approxi- 
mately expomid,  I  pro]K)sed  tlie  following :  "  Life  is  a  so* 
lies  of  dcliuitu  iiiid  successive  changes,  both  of  structure 
and  coinpositioa,  which  take  place  within  an  individual 
wilJiout  destroying  its  idotility."  This  has  been  criticised 
by  Mr.  Herbert  Spencer  and  by  I>r.  lionel  iJeale,  and  if 
I  had  not  witbdi-awn  it  iiefi^rc  their  critiei.'sms  appcaiod, 
I  should  certainly  have  modilied  and  enlarged  it  after- 
wards.  I  mention  it.  however,  l>ecause  it  is  an  approach 
to  a  more  satisfactory  forimda  in  so  far  as  it  specifies  two 
cardinal  characteristics  disUnguishing  organisms  from  all 
anorganism.t,  namely,  the  tnceriiMtit  evolution  through 
definite  stf^s,  and  the  preservation  u£  specific  iutegri^ 
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DQt  the  changes;  not  only  tlte  organism  as  a 
whole  U  pn:4iTvcd  amiilst  incwssiiDt  molecular  cltaa^, 
Imt  each  tisane  lives  only  so  long  as  the  reciprocal  molec- 
ular t:ompo3ition  ami  decotapu^ition  pcT»i»t.  Ou  koUi  of 
these  points  I  shall  have  to  speak  hereaftor.  The  defini- 
tion, liowever,  is  not  only  defective  in  its  restriction  to 
lh(!  molcctiiar  cluiDg(;s  of  XuthdoD,  taking  no  uccount  of 
the  Properties  and  Functions  of  the  organism ;  but  defec* 
tlTO  alM  in  giving  no  cxprcssioa  to  «quall)'  important 
idatioDB  of  the  organism  to  the  medium. 

39.  Thia  \a»i  paint  is  distinctly  expressed  in  Kir.  Silen- 
cer's definition :  "  Life  is  the  continuous  udjualmtiut  of 
internal  relations  to  external  ntlatioits."  Consideiod  as  a 
formula  of  the  most  gcwinil  .^igniScauco.  cmbnujing  tboiO' 
fore  what  is  common  to  all  orders  of  vital  phenomena, 
this  is  the  best  yet  proposed.*  If  1  propose  anotb«r  it 
will  not  be  to  displace  but  to  run  alongside  with  Mr. 
Spencer's;  and  this  only  for  more  ready  convcnicnco. 
Before  doing  so  t  must  say  a  few  words  by  way  of  cleai>- 
iDft  the  firound 

40.  Wliac  does  the  tci-m  Life  stand  for  ?     What  are 
'  tJie  concrete  signilicates  of  this  abstract  symbol  ?    Aa 

before  stulud,  it  is  sometimes  a  compendious  shorthand 
for  the  special  phenomena  distinguishing  living  from  non- 
[living  bodies ;  and  sometimes  it  expresses  not  these  oIh 
served  phenomena,  but  their  conditions  of  existence,  which 
are  by  one  school  personified  in  an  abstract  Mt<i  extra- 
organic  caose.    Thus  the  life  of  an  animal,  a,  man,  or  a 

•  Thfl  MtborilicB  jurt  ciW  ire  AHUTOrLK,  D*  Jntma,  Lib.  II.  &  I. 
Vjixr,  Sritiidtr  OrthrtUcntp.  KVliXt,  PKytiolegy-  Kkalk,  Bioptajm, 
and  Tatrediatiem  l»  TaJd  and  ibiPmonV  Anat«niy.  Scueluko.  J&iAr 
ttdicimf,  9»A  TnuitctndetiL  fdetititmvi.  Bicii.\r.  ItfthmAattir  l»  VU 
M  la  Utrt.  Stjuh,  Tkaria  rcn*  Mnliat.  Dttatv,  Phjitioteflie  Clnn- 
parie,  B£cuiui,  Aaalamu  QiiUrali.  l^iuAiicx.  Philarrphie  Zoe- 
bftpik.  Ciuirx,  Cmrt  A  mUm^u  Paiitirr.  Ovtt^'u  JtuitUriaii 
,  Ltdmrmt  1631.  IlDCBmr  Snxon,  PriiuifiU*  o/  BMefy- 
S*  o 
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nation,  means— P,  the  special  ciaiiifeatations  of  those 
organisma,  and  groups  of  organisms ;  or  2",  the  cbubm 
which  produce  these  manifestations^  We  are  often  mis- 
understood by  otliurs,  and  8oinctim<!!<  vague  to  ourselveSi 
when  vre  do  not  bear  ttiese  two  difierent  meanings  iu 
view.  It  was  probably  aoiue  seuse  of  this  wliich  made 
Aristotle  distinguish  Vitality  from  Life,  aa  that  of  the 
one  uniform  caiiae  separated  from  it-*  multiple  effcctis; 
it  was  certainly  the  motive  of  Fletcher,  who  thus  ex- 
preaaly  limita  the  meanings :  "  Vitality  or  IrrUahilUy.  the 
property  which  characterizes  organized  beings  of  being 
acted  on  by  certain  powers  otiierwiso  than  either  strictly 
mecliuoicuny  or  strictly  chemically ;  Lift,  the  sunt  of  the 
actions  of  orgunized  beings  resulting  directly  from  tlicir 
vitality  so  acted  on."  • 

Vitality  and  Life  being  thus  discriminated  as  the  stat- 
ical and  the  dynatnicjil  aspects  of  tht'  organism,  we  find 
in  relation  to  the  former  two  radically  oppoaeti  concep- 
tions: the  metaph>*£iolagical  or  extra-organic,  and  tbe 
physiological  or  intni-orgauic.  Tlie  first  conceives  Vi- 
tality to  be  a  Vital  I'riiiciple,  or  extia-oi^uic  ogoot, 
sometimes  a  soul,  spirit,  archseus,  idea,  and  sometimea  a 
force,  which  easily  becomes  translated  into  a  property. 

The  conception  of  an  entity  mu»t  be  rejected,  bccauae 
it  is  tnetempirical  and  unverifiable,  §  34.  The  concep- 
tion of  a  force  must  be  rejected,  because  it  is  irrecon- 
cilable with  any  definite  idea  we  Iiavc  of  forca  What 
the  term  Force  signifies  in  rhysics  aiid  Cliemisliy,  namd- 
ly,  moss  animati^d  by  velocity,  or  direcUd  pressure,  which 
is  the  activity  of  the  agonty  —  is  precisely  that  which 
these  vitalists  pertinaciously  exclude.  They  assume  a 
force  which  has  nothing  in  commoii  with  mass  and  ve- 
locity; which  is  -not  a  rcstdtant.  hut  a  principle;  which 

■  FLRTcntia,  tm  qnolcd  by  DkTiWalb,  l^t  and  tht  Efaimtente  of 
Font,  EVwt  11.  p.  }S0. 
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instead  of  being  a  dirteted  gwmlitff,  is  itself  autonomous 
and  dineiivt,  shaping  matter  into  nrgauixutiuii,  nod  en- 
dowing it  with  powvni  not  aaftigoable  to  tDa,tt«r.  If  Uii» 
vital  force  bas  any  mass  at  its  back,  it  i^  a  spiritual 
nu88 ;  if  it  L4  directed,  the  diroctiou  imuvs  from  a  "  Mind 
somewheie."  Xow  tlils  conception  is  purely  metempir- 
icaL  Not  only  is  it  inexact  to  speak  uf  Vitality  ok  a 
force,  it  is  almost  equally  inexact  to  speak  of  it  as  a 
property  j  $inoe  it  is  a  tenu  whiuh  im^luiles  a  variety  of 
properties;  and  when  Fletcher  assigns  t!i(]  synonym  of 
Irritability,  this  at  once  reveals  the  inexactness ;  for 
l>eside  tliis  property,  we  must  place  Assiiuilutiou.  Evo- 
lution, Diiiinlegnktion,  Iteprodiiction,  ('outractility,  and 
Sensibility, — all  characteristic  propcrliwi  included  in  Vi- 
tality. 

41.  Having  thus  rejected  the  coucttptious  of  entity, 
force,  and  proi>erty,  we  are  left  in  presence  of —  1°,  the 
<ngauic  conditions  as  tliu  vlcuicuts,  and  2°,  of  their  ayu> 
tiiesis  (in  the  state  called  organization)  as  the  pentoiiiried 
principle.  Vital  furCL-^,  ur  the  vital  force,  if  we  adopt 
tJie  term  for  brevity's  sake,  is  a  symbol  of  the  conditions 
of  eeitteiue  of  organistd  mutter ;  and  since  organisms  are 
specially  dUtinguisIiablc  from  anorganisms  by  this  spe- 
ciality  of  their  syntliesiB,  and  not  by  any  diirerence  in 
the  natorc  of  the  cleuicnts  combinud,  this  state  of  or^n- 
ization  is  the  "  force  "  or  "  principle  "  of  which  we  are  in 
qucsL  To  determine  what  Lifv  mean^,  we  must  observe 
and  classify  tbe  phenomena  presented  by  livin;;  beings. 
To  detenninc  what  Vitality  — or  organization  —  means, 
wa  must  observe  and  classify  the  processes  which  go  on 
in  organised  snl^tance-s.  These  will  occupy  ua  in  the 
succeeding  chapters ;  here  I  may  so  far  anticipate  as  to 
propose  tl>e  following  de6nition» :  — 

42.  Life  is  the  functional  activity  of  an  orgnoism  in 
relation  to  its  medium,  as  a  sj-ntbesis  of  thieo  terms: 
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Stnicluro,  Aliment,  and  Inatnimenl ;  it  ia  the  sum  of 
funt'tioiis  wliidi  aro  Ihc  tvsultnnW  of  Vil«!ily;  Vitality 
being  the  sum  of  the  properties  of  matter  in  the  state  of 
oi^uizntioiL 

43.  ^'ital  pht^notneiift  are  tJie  phonomemi  manireetctd  in 
0igB)>i'*niH  w'litin  ext<;rnal  egsa^es  dt^turli  their  iiiulec'ukr 
equilibrium ;  and  by  otgimisiDS  wben  they  react  on  ex- 
temal  objects.  Thus  everything  done  io  an  or^nism, 
or  by  au  orgnuLfm,  is  a  vital  act,  although  phy^iciil  and 
chemical  agencies  may  funn  essential  components  of  the 
act  If  I  shrink  when  struck,  or  if  1  \vlii|i  a  hone,  the 
blow  is  in  each  case  physical,  but  the  shrinking  and  the 
striking  are  vital 

Every  part  of  a  living  organism  is  tliCircfoi-e  vital,  as 
periainitig  to  Life ;  hut  no  part  has  this  Life  when  iso- 
lated ;  for  Life  is  the  (ynthesis  of  all  the  parts  :  a  feder- 
ation of  the  organs  when  the  organism  is  complex,  a  fed- 
eration of  the  orj^auic  substances  when  the  organism  is  a 
simple  cell 

44.  All  definitions,  although  didactically  placed  at  the 
introduction  of  a  tTeatise,  are  properly  tlie  final  expression 
of  the  facts  which  the  tventisc  h«ks  e-slnbltslicd,  and  they 
cannot  therefore  be  fully  apprehended  until  the  mind  ia 
familiarizt-d  with  iho  details  tliey  express.  Much,  there* 
fore,  whieh  to  tlie  reader  may  seem  nninl^lligiblo  or 
questionable  in  the  foregoin<>  definition,  mtLit  be  allowed 
to  -pass  until  he  lias  gone  through  the  chapters  which 
follow. 
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CHAPTER  III. 
OBOANtSX,  OI!OA.>tlZAT10N,  A^'D  OBGASIC  8C63TAXCE. 

45.  Thrkb  is  a  marked  difTerence  between  orgaDtc  and 
organunf  eiibstanocs.  Tlie  oi^nic  are  non-Uring,  though 
capable  of  living  when  incorpomtcil  in  ot^nized  tissue 
(albnnieD  is  such  •  substuuce) ;  or  they  may  tie  incapablo 
of  liTing  because  they  hare  lived,  and  are  producta  of 
waste,  e.  g.  urea.  Tlie  orj^aniKud  eidistftncv  ia  a  specific 
combiDatioii  of  organic  substances  of  varioas  kinds,  a 
combination  which  is  organ tzatton.  Any  orptnizcd  sub- 
atance  is  therefore  either  an  independent  organism,  or 
l»Tt  of  a  inoa'  complex  organism.  PiDto[)la.stn,  cilhvc  as 
a  separate  oi^nism  or  as  a  constituent  of  a  tissue,  is 
ofganixcd  snlwtan^'e. 

Organic  substances  are  nuineioiis  and  spcciflc.  They 
arc  variotis  cotubiiuitioDS  of  pvoximnte  principles  familiar 
to  the  chemisty  which  may  conveniently  be  ranged  under 
ttoee  classes :  Tlie  first  claits  of  organic  substances  com- 
prises those  composed  of  principles  having  what  is  called 
a  mineral  origin  ;  thciie  generally  quit  the  organism  tm- 
C^an^ed  as  they  entered  it.  The  secoml  rljws  eomprisoa 
those  which  are  crystaUizable,  and  are  formed  in  the  or- 
ganism, and  generally  quit  it  in  tbi.'t  state  as  excretiona. 
The  third  class  comprises  tlie  olloids,  f.  e.  sulistaiKC* 
which  are  coagulable  and  not  crystal  H^alile,  and  are 
formed  in  and  dvcoinjiosed  in  the  ur^'iinisni,  thus  fur- 
nishing the  piinciples  of  the  second  class.  All  the  prin- 
ciples are  in  a  state  of  sohitioit.     Water  is  the  cliief 
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vebicto  of  tho  materiab  wliich  enter  and  the  materials 
wliich  quit  the  organism;  and  bodies  in  aolution  are  sol* 
vents  of  otlii-i^,  so  tliat  the  water  tbus  act^uircs  now  sol- 
vent proiiertica. 

46  a.  Two  points  must  be  noted  respecting  orgaatc 
subatances :  ihoy  are  mostly  coinbiiiatiuu.t  of  kiyk^  mvi- 
tiples  of  the  olomciite ;  and  their  com  hi  nations  are  not 
(Ufi-iate  in  quantity.  Albunien,  for  example,  lias  (accord- 
ing to  one  of  tho  many  formulas  which  have  been  (^ijren) 
an  elementary  coiii|)Osition  of  21G  atoms  of  Carbon,  169 
of  Hydrogen,  'll  of  Nitrogen,  3  of  Sulphur,  and  68  of 
Oxy^-ii ;  whi'roas  in  its  final  state,  in  which  it  quits  the 
organism  as  Urea,  it  is  composed  of  2  atoms  of  Carbon, 
4  of  Hydrogen,  2  of  Nitrogen,  and  2  of  Oxygen,  all  tl»e 
Sulphur  having  disappeared  in  other  combinations.  In 
like  manner  in  the  oi^nism  Stearin  falU  from  Cn^.  Hut, 
Oy,  to  Oxalic  Atid,  which  is  C,.  H,.  Oj.  It  is  obvious 
that  the  necessary  moililiability  of  organic  substance  is 
due  to  this  multiplicity  of  ite  elementary  part*  and  tlie 
variety  of  its  molecular  structure. 

456.  Nor  i.s  the  iudctinitcucss  of  the  quantitative  com* 
position  less  important,  though  seldom  adequately  appre- 
ciatcd,  or  even  susjwcted,  Robin  and  Vordcil  •  arc  the 
only  writers  I  can  remember  who  have  distinctly  brought 
the  fact  into  promiuenc&  That  all  iooigauic  substances 
ore  definite  in  compoi^ition.  every  one  knows.  Quick- 
lime, for  e-Tample,  may  be  got  Uvn\  marble,  limestone, 
oyster-shells,  or  chalk ;  but  however  producod,  it  always 
contains  exactly  2o0  ounces  of  calcium  to  lUU  ounces  of 
oxygen;  just  as  water  is  always  OIJ,.  Not  so  the  pre- 
eminently vital  substances,  those  which  arc  cougulable 
and  not  ciy-itallizable :  no  precise  formula  will  express 
one  of  lliese ;  for  the  same  specific  subsUnce  is  found  to 
vary  from  time  to  time,  and  elementary  analyses  do  not 

•  RoDiK  ct  Vkrdkil,  TraiU  Jt  Cttlmit  Anatomijue,  liS9. 
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give  tinifonn  results.  Thus,  if  aft«r  causing  an  ocid  to 
Dombiric  with  one  of  those  substancea,  we  remove  the 
acid,  we  arc  not  c«T(iiin  of  finding  the  stiluttance  as  it  yna 
before  —  as  we  ore,  for  example,  aflcr  urt-a  ia  combined 
with  nitric  acid  and  tlien  decomposed.  Tlie  same  wont 
of  definitcnesa  is  of  course  even  luorc  apparent  in  the 
eombiiuUiom  of  these  proximate  principles  into  organized 
8ub«tnn«e.  Protoplasm  differs  greatly  in  diffvrtnt  places. 
Epithelial  ceUs  differ.  Muiscular  and  nt-nous  fibres  are 
never  absolutely  the  same  in  different  regions.  A  striped 
and  UDStriped  muscular  fibre,  the  muscular  fibre  of  a 
spbincter  or  of  a  limb,  a  ucrve-iibru  in  a  centre,  in  a 
trunk,  or  in  a  gland,  will  present  variations  of  eoinpoaj. 
tiott  The  elaslic  fibres  of  the  lijpiments  are  larger  in 
the  honjo  than  tu  man ;  and  in  other  auiinals  they  ore 
smaller.  These  differences  are  sometimes  dne  to  the 
con»t)Uietit9,  and  somettmes  to  the  arrau^umcut  of  the 
constituents ;  the  conversion  of  Albumen  into  Kibrine 
without  elementarj-  !os.s  or  addition,  is  a  jjood  example  of 
the  tatter.  That  the  tissues  of  one  man  are  not  absolutely 
the  same  as  the  tissues  of  another,  in  the  sense  in  which 
it  is  true  to  say  that  the  chalk  of  ono  hill  is  the  same  as 
that  of  another,  or  as  gold  in  Aiistralia  Li  tlie  same  as  gold 
in  Mexico,  is  apparent  in  their  very  diiTcreut  rcactioai 
under  similar  extenial  conditions :  the  substance  which 
poisons  ttie  one  leaves  Uie  other  imafTectcd.  The  man 
who  has  once  had  the  small-pox.  or  scarlet  fever,  is  never 
the  same  afterwards,  since  his  organism  has  now  become 
insuseeptible  of  these  poisona  And  Sir  James  Pa;^t  hoA 
called  attention  to  the  striking  fact  revealed  in  disease, 
namely,  that  in  the  same  tissue  —  say  the  lione  or  the 
skin  —  a  morbid  substance  fastens  only  on  certain  small 
portions  leaving  all  the  rest  unaltered,  but  fa-itens  on 
exactly  coniwiiondinK  spots  of  the  opposite  sides  of  the 
body ;  so  that  on  both  arms,  or  both  legs,  only  the  corre- 
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spondiiij;  bits  of  tissue  will  be  diseased  "  MauifvsUy 
when  two  suUtanccs  display  ciifferent  rekdons  to  a  third 
their  coropoiiiiioii  ciuiDot  be  identical ;  so  tliat  tbou^h  we 
may  speak  of  all  boue  or  of  all  skin  as  if  it  were  all  alike, 
yet  there  are  difiereiicea  of  inliniaLc  coiupusiUon.  No 
powcT  of  oititicial  cliemistry  can  detect  the  JiHetence ; 
bat  a  morbid  ipaUirial  can."  *  It  is  to  this  variability  of 
composition  that  we  must  refor  individual  peculiaritiea, 
and  those  striking  formH  of  vafiety  known  as  idiosyn- 
crasie-^,  which  cause  some  oi^^tiLsms  lo  bo  nBect«d  by 
what  seem  inexplicable  influences  —  physical  and  moral. 

In  8pil«  of  all  thrae  variations,  howcvi-r,  ihtR-  iin-  fwrtain 
specific  reaemblancea  dapendeiit  of  course  on  similarity  of 
compositioii  and  structure,  so  that  the  muscle  of  a  crusta- 
cean is  classed  beside  the  muscle  of  a  vert^'brato,  although 
the  elementary  analysis  of  the  two  yields  dill't-rent  results. 
Nerve-tiasue,  according  to  my  experience,  is  tlie  most  va- 
riable of  all,  cxwpt  the  blood ;  variable  not  only  from 
individual  to  indi\id(ial.  and  from  jjcnus  to  jjenus,  but 
even  in  th<t  saiuc  individual  it  never  containa  the  same 
quantities  of  water,  phuspliatcs,  etc.  Houou  it  is  lliat  dif* 
ferent  nei-ves  niariii'est  different  degi'ees  of  excitability. 
Mid  the  same  none  differs  at  different  times.  Thus  the 
fifUi  pair,  in  a  poisoned  animal,  retains  its  excitability  long 
after  lliu  others  arc  pamly/ed ;  and  the  patient  imder  chlo- 
roform  feela  a  prick  on  the  brow  or  at  the  tiiiuplc-t,  when 
inseiiHiblv  ut  any  otiier  spot.  The  pnenmogastric  which 
is  excitable  during  digestion  is  —  in  dogs  at  least  —  inex- 
citable  when  the  animal  is  fasting. 

46.  The  organic  substances  are  what  analysis  discovert 
in  organized  su1)atajices,  but  none  of  them,  not  even  ^ 
highest,  is  living,  except  as  organised.  Albumen  alone,  or 
St«.-ariu  alone,  is  as  incapable  of  Vitality,  as  Plumbago,  or 
Soda ;  but  all  organic  substances  are  capable  of  playing  a 
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part  in  vital  actions ;  and  tbis  part  is  Uio  inoro  importaDt 
in  piwporiion  to  their  greater  motuculur  raricty,  Orj^ni- 
zation  is  a  specin]  iiynlhesU  of  substances  belonging  to  all 
three  clitsses ;  and  the  organized  substuno«,  thus  foruivd, 
alone  merits  tbo  cpith«t  living.  We  see  how  organized 
substances,  beii^  constituted  by  principles  ilerivi-d  from 
the  inor^Qic  world,  aikI  principlua  derived  fruni  the  or- 
ganic world,  have  at  once  a  dependence  on  the  oxtemal 
Medium,  and  an  indvpeodence  of  it,  which  in  |)cculiiir  to 
living  beings.  An  analogous  dependence  and  independ- 
ence is  Doticeuble  u-illi  re-spect  to  the  parts  ;  and  thiA  is  a 
character  not  found  in  inorganic  compounds.  The  organ- 
ism, even  in  its  simplest  rorms,  ia  a  structure  of  different 
substances,  each  of  which  is  complex.  While  one  iiarl 
of  «  crystal  is  utomically  and  morphologically  identical 
witli  every  other,  and  is  the  whole  crystal  "  writ  small," 
one  part  of  an  organiitm  in  unlike  another,  and  no  part  is 
like  the  whole.  Hence  the  dependence  of  one  organ  and 
one  tissue  on  another,  and  ewh  on  all  Yet,  while  every 
part  is,  so  to  speak,  a  condition  of  existence  of  every 
other,  and  the  nnity  of  the  organism  is  but  the  cxpi'cssion 
of  tliis  folidiirity,  —  wherever  organized  substance  baa 
been  difien^ntiated  into  mor]iliologieal  elements  (cells,  etc.), 
each  of  thicae  has  its  own  course  of  evolution  independ- 
ently of  the  otheis, —  is  bom,  nourished,  developed,  and 
dies. 

47.  The  interdependence  of  nerve  and  muscle  is  seen 
in  this,  Uiat  the  moro  the  muscle  is  excited  the  feebler  its 
contractions  become  ;  this  decrease  in  contractility  is  com- 
pensated by  an  increased  excitability  in  it«  nerve ;  so  that 
while  the  muscle  demands  a  more  powerful  stimulus,  the 
nerve  acquires  a  more  energetic  activity.  lianke's  curious 
and  careful  exponmeots  seem  \o  prove  that  thiri  depends 
on  the  wearied  muscle  absorbing  more  water,  owing  to  the 
acids  developed  by  its  activity,  and  on  the  ncn'e  losing 
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tbis  water — &  nerve  being  always  more  irritable  when  its 
quiiulify  of  water  (liiiiiiiislics. 

43.  Herein  we  see  illustrated  the  great  law  of  organ- 
ized activity,  that  it  is  a  simultaneity  of  oppoaite  tenden- 
cies, (ta  orj^iized  matter  is  a  srntla'sis  of  couiposittoiia 
and  decon>i)osttions,  always  teuilin-'  towards  e^uitibriuui 
and  disturbuDw,  storing  up  oneigy  and  liberotin);  it.  Un- 
like what  is  obseri-ed  in  unorganized  matter,  the  condi- 
tiona  of  waste  briujj  witli  tlivui  coiidititins  of  rv[>air,  and 
thuu — within  certain  limits — every  loss  in  onedirectioD 
is  compensated  by  ^n  in  another.  'Hiere  ia  a  greater 
flow  of  nutrient  niulerial,  or,  luoix;  proi>erly  speaking,  a 
greater  assimilation  of  it  by  the  tissue,  wiiere  there  bos 
been  made  n greater  opening  for  it  by  previous  disintegra- 
tion. The  alkaline  «tate  of  the  nutrient  material,  uud  the 
acid  state  of  the  material  that  has  lieen  used, —  the  alka- 
line state  which  clmracterizea  repose  and  assimilation,  and 
the  acid  stale  wliidi  characterizes  activity  and  deassimi- 
lation,  are  but  cnses  of  this  general  law  ;  on  the  synthesis 
of  these  opposite  tendencies  depends  the  restless  cliange. 
together  with  the  continued  specific  integrity,  of  organijted 
matter. 

43.  The  state  of  organization  may  therefore  bo  tieflned 
as  tho  molecular  union  of  iJte  proximaie  principles  oj  the 
tiiree   daisen  in  reciprocal   diatt^ution.     An  or^nism  is 

rtned  of  matter  tlius  organised,  wliich  exists  in  two 

Um  —  tho  amorphoiM  and  the  pjttred.  ITie  amorphous 
are  liijuid,  .^eiiii-liquid,  and  solid;  the  figured 
ells,  filjrts,  and  tubes,  called  "  anatomical  o)e- 
inents."  For  these  I  prefer  the  tenn  suggested,  I  believe, 
by  Milnfi  Eilwaid;*,  namely,  orijitnites,  because  they  are  tli« 
iiidivjiiiial  i'lemeuts  which  mainly  constitute  the  or:i;ans, 
and  arc  indeed  by  ninny  biologists  considered  as  element- 
aiy  organiam.s.  Tlicsu  organitcs,  which  t^  to  form  the 
tissues,  and  by  the  tissues  tlie  organs,  have  tlieir  apecifio 
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volume,  structure,  and  chemical  reactions.  Tliey 
exist  iu  textures  or  tissues,  or  separately  (e.  g.  blood  cor- 
puscles), aud  ar«  in  tuiLiiy  tvspevts  Uku  the  simplest  oigan- 
isias  known,  such  as  Monads,  Vibrios,  AmtsUe,  etc. 

50.  Tiio  simplest  form  of  life  ia  not  —  as  commonly 
stated  —  a  cell,  hut  a  microscopic  lump  of  jelly-like  sab- 
stanec,  or  protoplasm,  which  Iias  Iweti  named  sarcodt 
by  Dqjanlin,  e^todt  \>y  Haecke),  and  gn-minal  malltr  by 
liooel  Beale  This  protoplasm, although  t.<nlirc1y  destitute 
of  texturv,  aud  eonsequcDtly  destitute  of  organa,  ia  never- 
theless considered  to  be  living,  bccatiso  it  manifests  the 
cardinal  phenomena  of  Life:  Assimilation.  Evolutiwi, 
Iteproduclion,  Mobdit)',  and  Decay.  Exam^^es  of  this 
simplest  or^nism  are  Monads.  Protumtcba-,  and  Polytha- 
hunia.*  Few  tilings  are  more  suqiiising  than  tiie  vital 
activity  of  these  organitcs.  which  puzzle  uittundiHts  as  to 
whether  they  should  be  called  plauts  or  auiuiah.  All 
microscopists  arc  familiar  with  the  apecfacle  of  u  fonnlcss 
lump  of  albuminous  matter  (a  Khizopod)  putling  fortli  a 
process  of  ils  body  us  a  tvmponiry  anu  or  k-g,  or  else 
slowly  wrapping  iteelf  round  a  microscopic  plant,  or  mor- 
sel of  animal  substance,  thus  converting  its  whole  Iwdy 
into  a  mouth  and  a  stomach ;  but  these  phenomena  are 
sniposscd  by  tliosc  described  by  Cienkowski.f  who  nar- 
rates how  one  Monad  fastens  on  to  a  plant  and  sucks  Uie 
chlontphyl]  dnt  front  one  cell  and  then  from  another ; 
another  Monad,  unable  to  make  n  liolv  in  the  cull-wall, 
thrusts  long  processes  of  its  body  into  tlie  opening  already 
made,  and  dru^  out  the  remains  of  the  ehloro]iliyll  left 
there  by  its  predecessor;  while  a  third  Monad  lead^  a 
predatory  life,  falling  u]>on  other  Monads  that  have  filled 
tbemaelvee  with  food.    Here,  as  lie  says,  we  stand  on  the 

"  CoMp,  Hasckku  tn  SitMd  h»4  Kitttker't  ZtOtchri/l,  ISSS,  p.  842, 
*iui  hU  Onurefb  ilttfioU^u,  lEQS,  I,  ISS,  330. 
t  In  t)M  JrdiitjeT  mOtm.  Anal«mir,  IMS,  jl  211. 
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Uireabold  of  that  dark  region  whero  Animal  Will  begins ; 
and  yet  there  is  here  only  the  simplest  rortu  of  organi- 
sation* 

51.  Now  let  our  glance  pass  on  to  tlio  scRond  stage  — 
the  Coll.  Here  we  have  a  rtcoguirud  differeatialion  in 
the  appearauoe  of  a  nucleus  amid  the  protoplasin.  The 
nucleus  in  eheiiiically  diffcrBut  from  llie  substance  which 
autrounds  it;  and  altbougli  perhai)a  exaggerated  impor- 
tanoo  has  been  attribut<Kl  to  this  nucleu-i,  and  myste- 
rious  powers  Iiavo  bevu  ascribed  to  it,  yet  as  an  eeeculial 
OOostitiieiit  of  the  cell  it  commands  attention.  Indeed, 
according  to  the  most  recent  inveatigations,  ihe  defini- 
tion of  a  cell  is  "a  nucleus  with  surrounding  proto- 
plasui."  Tho  cell'wall,  or  delicate  investing  membiuDv 
—  that  wiiicli  makes  the  cell  a  closed  sac  —  is  no  longer 
to  be  ri^rded  as  a  necessary  constituent,  but  only  aa  an 
BOceaaory.+ 

■  tli'rv  or^iiiualiori  ii  tbn  idnipIeBt  form  of  ill — molwulnt  orgaiuwil 
stnictun',  wliii'li  in  tliv  liiftlii^r  fonii»  bMODieB  IJusuo  Hlructunr,  uid  ot^su 
■trur.turr.  The  ward  dmcture  properly  mean*  onUrly  !irnnt(Hineiit  of 
■liSbrcnt  tnnterUli ;  and  nulwular  ittuclure  n-Se.n  to  the-  diirrrcnt  prax- 
tiMle  priuciidM  wliirh  »)iulituta  tli«  ursauiMd  wibatuiM.  Uiuallf, 
hwtfOV  Iba  wiinl  KiruHiinla*  iniicitlvt  tlia  ilMnc*  of  wiritlt  imngp- 
MOIt  ef  tlia  paiU :  a  cdt  hu  ttractum  «Uie«  It  )iu  nneUu*  *iiil  fc*- 

t  In  tho  crll.tliwiry  wubliKlicd  by  BcBLCniBtr  and  Scihwaxs.  in  18S8, 
and  whL'h  Iioi  fonnnd  the  buls  of  modern  hiNtolagy,  tliv  chII.hiiII  wm 
endowed  with  an  inii'arlanco  which  can  no  ianger  Ui  nj-hcld  new  that 
tlM  riUtonco  of  Indnitrndrnt  orf^iiinu.  and  of  o]]*.  without  m  tnce  «f 
enveloping  rocmbnuie  hat  b«tu  abundantly  olacrvrd.  Cell*  without 
wilU  wen  rirat  dnctibod  by  Ccwtk  In  tlx'  O'mjilt*  ^trfii^  IS-tS.  p.  1S7S. 
TU^^y  werealiodMcribedby  CitAiii.rjiRoiiiNinlSBr.,  IHd.  dr.  InMtJidnt, 
an.  OMhU,  But  littlo  notUo  wu  Liken  until  Max  Soii'i.ni^  in  bin 
famou*  f-trnj,  t'ehrr  MHslalMrjimfifn  vmI  inu  man  eine  ZeVt  lu  nouMK 
habt,  whi«h  appeared  In  Rtkhttl  nnd  Ihi  Boi'  /^ymanifn  ^rrAi'i',  ISfil.  — 
Bbubcri:.  in  hii  memoir.  Die  Elfmruiarortjunitiitfu.  18U1,  —  nnd  htaittu 
BuiJ;ln  \tu  Sinutuna/  Ike  SimpU  Tits'tes,  ]361,  —  all  about  the  ■ainv 
tint  b«);an  the  reform  in  the  u-U-lliMry  nhii'li  biut  '(ft'cttd  a  doeltlv* 
diMifp  In  tho  claadrjl  trachinft.  Lcvdiu  clnimi^  and  with  jiutlcc^  to 
bare  nimidied  important  data  in  tliis  dirralion  (Fimt  Bau  dit  thicriadien 
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52.  The  cell  may  be  «itli«T  an  orgnnistn  or  an  origunite. 
It  nwy  lead  an  isoUitod  Ufu  us  plant  or  aninial,  or  ic  may 
be  UDit«<l  with  others  and  lead  a  won;  or  K^ss  corporate 
tixistcDcv)  but  a1wAV#,  even  its  nii  clctueat  of  a  higher 
oi^auisni,  it  preserves  its  own  individuality.  At  first  we 
see  tliat  tlte  corporate  union  is  veiy  slight,  merely  the 
contact  of  one  c«U  with  another  of  its  own  kind,  «s  ta 
tJte  filament  of  a  Confenra.  Rising  higher,  we  see  the 
cell  united  with  otfa«r«  different  from  it ;  plants  an<l  aui- 
tnals  apjioar,  having  8tTiictures  coni{)Osed  of  uiasso«  of 
ii*arious  cells,  luring  still  higlier,  we  ace  animal  fonns 
of  which  the  web  is  woven  out  of  myriads  ujion  myr- 
iads of  cells,  witli  various  cell.products,  processes,  fibres, 
tnhes. 


OBGASISM  AND  MEDIIIM. 

53w  But  wc  have  only  one  half  of  the  great  problem  of 
Ufe,  when  we  have  the  organism  ;  and  it  ib  to  this  half 
that  the  chief  researches  have  Iteen  devoted,  the  other 
falling  into  neglect.  Wiiat  is  that  other  ?  The  Medium 
in  which  the  orgnnism  Uvfs.  Every  individual  object, 
oqpanic  or  inorganic,  is  the  product  of  two  factors: — first, 
the  relutioD  of  its  constituent  molcculus  to  cjich  other; 
secondly,  the  relation  of  its  substance  to  all  surrounding 
objects.  Its  properties,  as  an  object  or  an  organism,  are 
the  results  of  its  constituent  molecules,  and  of  its  relation 
to  cxtcmn)  cutiditious.  Ot^faiiisms  are  the  results  of  a. 
peculiar  group  of  forces,  exhibiting  a  peculiar  group  of 

Ktrftn,  IM4,  t.  p.  11).  The  miirnt  inlrmtiKl  in  till*  ilUcuuEon  ihonld 
CQUanlt  Max  ScirrLTic,  Aw  IVat^fitema  dcr  SAizepodat  snd  iler  JyUnk' 
saatiitti,  1843;  IIau^KEI,  J>k  IMiolaTin,  ISOS:  the  cuiitnivcnlal 
papm  hv  I!i:trHF.i!r,  Iti  hi*  Arrhh  ibrfcinning  with  Uio  R(T|M>rt  of  l!l<i:t>, 
•adltAxSrurtTtr,  ia  hit  Jrchic  far  milyvt.  AitaL,mth  Hr.xuL'njniji- 
■mt  in  U*  Jalmti<ridUe,  and  Kulliker's  «uimain;;-nii  in  tliu  Iiut  edi- 
tion o(  hi*  OttttMiirt,  Fnr  •  full  jmt  M«(  hinU-ry  •>!  the  ei'll-tlicory  *co 
DaTtiMU;  Tht  Protoplatinfe  Thtory  of  Li/t,  ISTt,  pp.  fid -106. 
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pb«noineDJL  Viewing  the»e  in  tbe  abstiact,  we  may  nj 
thai  there  are  three  regulative  laws  of  lifv :  —  (1)  The  Za 
FormatiOKia — the  so-called  wuui  formatiinu,  or  "organiz- 
ing force";  (2)  U>e  Lex  Adaptatumia,  or  adaptive  ten* 
dei><? ;  (3)  th«  Zcx  SeredUatU,  or  tendency  to  reproduce 
both  the  original  Toim  and  its  acquired  moditkations. 
Vfv  have  always  to  consider  the  organiiing  force  in  rela- 
tion to  all  surrounding  forcei  —  a  relaliou  succinctly  ex- 
pressed in  the  word  Adaptatioo.  Just  as  water  is  wat«r 
only  under  a  certain  relation  of  its  constitueut  uioleculcs 
U>  the  toiupciuturu  and  uluiosphoric  pressure — just  as  it 
passes  into  other  fomis  (ice  or  steam)  in  adapting  itself 
to  other  conditions ;  so,  likewise,  the  op^nism  only  pre- 
serves its  individuality  by  the  adjustment  of  its  forces 
with  tlie  forces  which  environ  it. 

54.  This  relation  of  Orftanism  and  Medium,  the  most 
fundamcntcd  of  biological  data,  has  had  a  j>ocidiar  for- 
tune: never  wholly  unrecognized,  for  it  obtrudes  itself 
incessantly  in  the  facts  of  daily  expcrii-nce,  it  \ns  very 
late  in  gniiiing  recognition  as  a  principle  of  supreme  im- 
portance; and  is  even  now  often  so  inii>crrectly  a[q>re- 
hendcd  that  one  school  of  philosophers  indignantly  re- 
jects the  idea  of  the  Organism  and  Medium  being  the 
two  factors  of  which  Life  is  the  product.  Not  only  is 
tlieiw  a  school  of  vifalists  maintaining  the  doctrine  of 
life  as  an  entity  independent  both  of  Organism  and 
Medium,  and  using  these  as  its  instruments ;  but  there 
is  also  a  majori^  among  other  biologists,  who  hctray  by 
their  arguments  that  they  fail  to  keep  steadily  before 
them  the  fundamental  nature  of  the  riOalion.  Somethtng 
of  this  is  doubtless  due  to  the  imperfect  conception  they 
have  formed  of  what  constitutes  tlio  Mcdiiitn ;  instead  of 
recognizing  in  it  the  sum  of  external  conditions  affecting 
the  organism  —  i.e.  the  sum  of  the  relations  which  the 
oigaoism  maintains  with  external  agencies,  —  they  re- 
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etrict,  or  enlarge  it^  so  as  to  misapprehend  ita  significance 
—  restrict  it  to  ouly  a  few  of  tliu  conditions,  hiu'Ii  us 
climate,  soil,  temperature,  etc.,  or  eular>:e  it  to  embrace 
B  vast  onny  of  conditioiis  wbich  stand  in  no  directly 
appreciable  relation  to  tliv  oT;gaiii«iii.  Every  one  undcr- 
stuu<ls  that  aa  organism  is  ilepeiidenl  on  proper  food,  on 
oxygen,  etc^  and  will  puiish  if  tliese  are  withheld,  or  bo 
affected  by  every  variation  in  such  conditions.  Every 
one  understands  that  an  animal  wliich  can  devour  or  be 
deroured  by  another,  will  llourish  or  perish  according  to 
the  prc-senct-  of  its  prey  or  its  enemy.  But  it  is  often 
forgotten  that  among  external  cxistcnoiis,  nil  those  wlucli 
nd  ill  no  wppreciable  reUtion  to  the  organism  are  not 
rly  to  be  ini^ludt-d  in  its  Medium.  Tu  cou^-ipicucc 
of' ibis  overi^igbt  w(f  I'l-cqur^ntly  hear  it  urged  as  au  ob- 
jcction  to  the  Evolution  Ilypothcsis.  that  manifold  organ- 
isms exist  under  tike  «a»i<:  external  conditions,  and  that 
oi^nisms  persist  unchanged  amid  a  great  %tiriety  of  con- 
ditioDS.  The  o!jjection  is  l)eside  the  question.  In  tlie 
genend  simi  of  ojclernal  forces  there  are  certain  items 
which  are  nearly  related  to  ])articulnr  or^nisius,  and 
0OD«tititle  their  Medium ;  those  items  wbich  are  so  dls- 
tantJy  related  to  these  organisms  nst  to  cause  no  reactions 
in  them,  are,  for  them,  as  if  nou-existeut*  Of  the  mani- 
fold vibrations  which  the  ether  is  supposed  to  he  inces- 
santly undergoing,  only  certain  vibnttions  affect  the  eye 

*  At  Uk  time  thti  wu  vritlm,  1  had  uimc!  fiili  «t»  In  tha  Murwi  of 
ilcTFluptnntt.  Out  ol  Ibo  umr  tnu*.  bticI  in  tlic  umr  vfOHl,  all  ChoM 
«hlch  wvn  mpp»rt*<t  br  urcil  si  a  drpili  uF  tioir  an  incli  rrom  tlie  nir- 
fM«,  tired  and  dcnlopi'ii ;  nil  Iliou-,  wiilimit  rxi'''|>tjuii,  tlmt  yifn  at 
«  drpUi  of  two  to  four  inchcjk  pcrislipd.  In  ordinary  parlnncn,  mnly, 
111  it  111  D^  w<OUld  t)F  ol^Ktcd  to  ill  tbc  plinur,  "thrw  ot-a  wimit  nil  in  the 
•awu  Urdium"  ;  Ihii  tulrt  sax  the  wiiiif,  llii'  »«'.!  Ihit  omu',  the  rraar\ 
tlis  sunc  ;  fet  lotnc  difTi-rrnce  of  tcmtKiratnrc  and  carbanic  anid  iiiiul« 
■U  the  (liETucnca  betwMn  liTv  Mid  diralh,  Aiialhi^r  ourioui  fact  van  ob- 
•iTTtJ  ;  1  wmovrd  (ijtlil  of  tlieac  ova  witli  a>:t!vii  oiiiliryi't.  mid  [lUcod 
tlwin  in  k  large  «»tch-g1tw  containing  ■  K))nlioQ  (ono  hair  prr  cent)  of 
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as  ligbt;  Uwss  comliUite  the  Mediam  of  Si^t;  the 
oUiers  ate  u  if  tbej  veie  imC  OdIt  certain  vitirationa 
of  duf  air  affect  the  ear  aa  Sound ;  lu  all  other  vibratioiu 
we  are  deaf;  tboo^  eats  of  finer  seosibilitjr  maj^  detect 
tbem  aod  W  deaf  to  thoce  which  afleet  os. 

55.  "  The  external  catiditioita  of  existaoce  "  is  therefore 
the  correct  defiuitioo  of  the  Mediom.  An  animal  may 
be  suTTOonded  with  rarious  foods  and  potsons,  but  if  its 
organism  is  not  directly  affected  by  them  they  caattot  be 
food  or  poison  lo  iL  An  animal  may  be  surrounded  with 
canivoroos  rit-als,  bat  if  it  is  not  adapted  to  serN'e  tbem  as 
food,  or  is  too  powerful  to  be  atiackod  by  then,  they  only 
indirectly  enter  into  its  Medium,  by  eatin;*  the  food  it 
would  eat  The  analogy  is  similar  with  aiKirganisms  and 
their  relation  to  tbeir  media.  Every  pfaj-sical  or  cbemkal 
pbeoomeoon  dei>end3  on  the  concurrence  of  definite  coodi* 
ttons :  namely,  the  snbstHnce  which  manifests  the  chaajp, 
and  the  medium  in  which  the  change  is  manifested.  Alter 
tbo  medium,  solid,  liquid,  or  gaseous,  cliange  its  thermal 
or  electrical  fttate,  and  the  phenomenon  is  altered.  But 
althoufjh  similar  alterations  in  the  medium  notoriously 
influence  the  organism,  yetj  because  a  great  many  varia- 
tions in  external  condition*  are  unaccompanied  by  appre- 
ciable changL's  in  the  organism,  tliero  arc  biologlstt  who 
regard  this  as  a  proof  of  Life  being  independent  of  phys- 
ical and  chemical  law* ;  an  error  arising  from  their  not 
reooirnizing  the  precise  nature  of  organic  conditions. 

56,  To  give  greater  precinion  to  the  conception  of  a 
Mediiiin  it  will  be  desirable  to  adopt  the  disttoction  much 

bichromate  ot  ommanU.  In  tbln  arlil  Ote  nmlirTCM  llTn)  itnil  vex  utiTD 
fifty -si'vi^u  Jioiin.  nllliough  other  nnliryoi  plaenl  in  a  (jmilni  iraldi>^iM 
ronlaiiiini;  ponil-itatcr.  •iirvir^  only  tarty  liouin.  Tlw  imn.pfftet  oT  thi 
Bclil  «iKi  jiroimblydup  to  thn  non-!ibKiriition  nhirli  imlliflM  tfa*  dToct 
of  certain  virulent  [lolHung  ithm  thc-y  ntv  ■wnlloirRi :  but  why  (he  fiih 
should  livn  longer  in  the  acid  t)i«u  in  Iho  RLtu|>1v  vtlet,  I  Jo  not  *i  tU 
eompnhcnil. 
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inaJBted  on  by  Claude  Bernard,  namely,  T,  au  External  or 
Cosmical  Medium,  cmbmciug  Uiv  wliolv  of  Uiu  circum- 
BUiioe«  outaide  tlie  organUto.  capable  of  directly  affecting 
it,  and  2**,  an  Int«rDal  or  Diysiological  Mt^'diuin,  ombra- 
cing  tb«  uoiiditjuiu  iiisidc  thu  utjjaiiisDi,  and  in  direct  i-tila- 
tioa  with  it  —  that  ia  to  say,  the  plasma  iii  which  its  tit- 
sues  are  WtiKid,  by  which  they  are  nourished.  To  these 
atld  its  temperature  and  electrical  conditions.  Bernard 
only  includes  th«  nutritive  fluid  ;  but  inasmuch  as  each 
oi];uiiLsii)  {HMsesses  a  temperature  and  electrical  state  of 
its  own,  and  tJie»c  an;  only  indirectly  dejtcudcnt  on  the 
cxtuninl  temperature  and  electricity,  and  as  it  is  with  these 
internal  conditions  tliat  tbo  orf^nism  is  in  din'ct  ri.-lii(iun, 
t  inchidu  (hem  witJt  the  plasma  among  the  constituents  or 
Physiological  ML-ditim.  Any  change  in  the  Kxtcnial 
iuro.  whether  of  temperature  or  electricity,  of  food  or 
light,  which  does  not  disturb  llio  Internal  Metlium,  will  of 
course  leave  the  or^Mnisni  undisturbed;  and  for  the  moat 
put  all  tbi]  cliungcs  in  the  Kxtonial  Mcdiiiui  whicli  do 
affect  the  organism,  affect  it  by  first  changing  the  Internal 
%(cdium,  Exicrnal  heat  or  cold  rai.ses  or  depresses  the 
iulemul  teniperaCnre  indirtrHy  by  afTectint;  the  organic 
processes  on  whicli  the  internal  temperature  depends. 
We  see  ht're  the  rationale  of  acclimntizntJoiL  Unless  llie 
organism  can  adapt  itself  to  the  new  External  Medium  by 
the  idutjust'inent  of  its  Inienial  Kledium,  it  perishes, 

S7.  We  are  now  enabled  to  furnish  an  answer  to  the 
very  common  objection  reepcctiny  the  apparent  abwiiice  of 
any  direct  inHiionce  of  external  conditions.  Let  the  objec- 
tion first  be  stated  in  the  words  of  a  celebrated  naturalist, 
AgasstZ:  "  It  is  a  fact  which  seems  \a  be  entirely  over- 
looked by  those  who  assume  an  extensive  influence  of 
physical  causes  upon  the  verj-  existence  of  ort^iJzed 
beings,  that  the  must  diventtfied  types  of  animals  and 
plants  are  eresywhere  found  uudor  identical  circumstan* 
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cea.  The  smalkst  sheet  of  fresh  water,  ever;  point  of  the 
Mn^bore,  every  acre  of  dry  land,  teems  with  a  variety  of 
animaU  and  platit«.  Tim  narrower  the  boundaries  which 
ore  OMigoed  aa  the  primitive  botae  of  aU  these  beings, 
the  more  iinifonn  uiuitt  be  the  coitdilions  undur  which 
they  iDiiHt  \m  assumed  to  have  ori^nated ;  so  unifimn 
indeed  that  in  the  end  tliv  inference  would  be  that  the 
■ame  physknl  causes  can  produce  the  most  diversified 
eflect<." 

Obviously  there  is  a  complete  uiisalAtvinont  of  the  ar> 
goment  here :  and  tlte  excess  or  the  misstatement  appears 
in  the  following  passage  :  "  The  a4.-tion  of  phj-sicftl  agents 
npon  op^iniwd  Ijeings  presiipposes  the  very  existence  of 
those  beings."  VTho  ever  doubted  it  ?  "  The  simple  fact 
that  tiiero  haa  been  a  period  in  the  histoty  of  our  earth 
u-hon  none  of  tbeso  otgnnizeil  1>ein^  an  yi-t  existed,  and 
when,  nevertheless,  the  mat4>rial  couHtitiilion  of  our  glob6 
and  tlio  pliysiea]  forces  acting  «[K»n  it  were  essentially 
the  same  an  they  are  now,  shown  that  these  influences 
ON  inaufticiont  to  call  into  existence  ony  living  being."" 
Although  moat  readers  will  demm-  to  tlie  statement  that 
because  the  niuterial  constittitioii  of  our  globe  was  "  essen- 
tially the  same"  before  and  alter  animal  life  a[^>ctiT$d, 
ilierofori!  there  coidd  ha^o  been  no  s])cciftl  conditions  de- 
terininiiig  the  appearance  of  Life,  the  hy|»olbe,iis  of  Evo- 
lution entirely  rtyects  the  notion  of  orKniiic  fonns  having 
bt'fln  diversified  by  diversities  in  the  f"w  physical  condi- 
tiona  commonly  understood  lut  representing  the  Medium. 
Mr.  Dfirwin  lias  the  incomparable  merit  of  having  enlarged 
onr  conception  of  the  conditions  of  existence  so  as  to 
embrace  all  the  factors  which  conduce  to  the  result.  In 
his  luniinouB  principle  of  the  Struggle  for  Existence,  and 
the  Nftlnnil  Scieclion  which  such  a  struggle  determines, 
we  have  Uio  key  to  most  of  the  problems  presented  by 
•  AoAMii,  JCway  on  CUitiJlai/ii>n,  1SS9,  p.  IS. 
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the  diversities  of  or};ani?ius;  and  ibe  taw  of  Adapta- 
tion, riylttly  couoeivtJ,  furnishes  the  key  to  iiJl  oi;g«Jiic 
cfaango. 

59.  la  Gons«iuence  of  tlie  defective  precLiion  with 
whicli  tijc  phrase  "  irediuno ,"  or  iU  iistiai  cquivftlcnt 
"pliysical  conditions,"  is  employed,  eovt-nil  biological 
ertots  p&sfl  undetected.  Ilaeckel  *  calls  attention  to  Uie 
common  ini)itakt;  of  MU]<i>03ing  thv  oi-giinism  to  U;  pussive 
under  the  iiiSuence  of  oxtt'mul  conditions,  whereaa  every 
action,  be  it  of  light  or  heat>  of  water  or  food,  necessarily 
calls  forth  a  corresponding  reaction,  which  uianiftsts  itself 
in  a  ntodiRcation  of  tlie  nutritive  process,  lie  points  out 
Utc  ohverau  of  this  error  in  the  current  notion  (}iat  Habit 
lA  solely  due  to  the  spontaneous  action  of  the  organism, 
in  opposition  to  the  influence  of  exieninl  agency,  —  as  if 
eveiy  action  were  not  ttie  reepouse  to  a  stimulus.  Corre- 
sponding with  the  fluctuations  in  the  Medium  there  must 
aeceSBSrily  be  Huctuations  of  Aduptiilion.and  I  think  we 
may  safely  assume  that  it  is  only  when  these  (lucliiations 
ceoeo  that  the  Adaptation  becomes  Habit.  This  is  the 
interpretal  ifin  of  the  phrase  "  Habit,  is  wrott'/ Nature,"  and 
is  very  diflerant  from  the  common  interpretation  whicli 
attributes  it  to  the  use  or  disuse  of  organs;  as  if  use  or 
disulK)  were  a  s]}0Dtaneou8  itncausetl  activity. 

59.  The  organism,  sini]>U^  or  complex,  is,  we  have  al- 
ready seen,  built  up  from  materials  orijiinnlly  derived  from 
the  Kxtemal  Jleditira,  but  proximately  from  the  Tntenial 
Medium.  Tliif  statement,  however,  requires  some  quali- 
fication, especially  in  view  of  the  bypotlieais  that  organ- 
ized 3ul)stance  wns  nrif^inally  creatt^d  .such  as  we  now  Hud 
it,  and  not  evolved  from  inorganic  materials.  Whetlier 
this  hypothesis  be  adopted,  or  rejected,  we  have  the  fact 
that  the  immense  majority  of  orj,'iinisins  uoi"  existing  — 
l£  not  alt  —  are  products  of  pre-e,xisling  organisms;  and 

•  HXKKZL,  GtiurtUt  iforpMeyit,  H.  Sll, 


52 


THE  FinsiCAL  BASIS  OF  HIND. 


therefore  organueil  nulter  »  dov  mainly,  if  not  Sohtly, 
fornicd  l>y  ur^nixud  matter. 

We  take,  therefore,  as  our  point  of  departure,  t}ic  fro- 
toplu-siu ;  this  is  t]ie  fir»t  of  (Ih-  thru;  tortus  of  tko  vital 
synthesis :  Stnujiure,  AUinent,  and  iDstnimenU  Tlie  evo- 
lution of  this  is  praxiinately  dejiciidi-ut  ou  the  pahulmn. 
affunlcd  it  iu  tlie  lutcrnal  Mi.>4)iuiu,  whicli  in  the  tnm 
nutrient  material,  and  to  which  wli&t  is  UKually  called 
/tml  Htands  in  au  extctnal  relation :  for  between  the  t«cep- 
tbon  of  food  and  its  assinulntion  by  the  orv^nitv.  thi-rc  is 
an  inilispensable  i]item>edi8ry  atagfi,  through  which  matter 
passes  from  the  unorgntiizcd  to  the  organized  state  Tlit» 
iDt«nuediate  i«  now  recognized  in  plants  as  in  animate. 
The  old  belief  that  plnnta  wens  nonrished  rftirrf/y  from 
tlic  Koil  and  utniosphere  can  no  longer  bo  sustaii>ed.  The 
process  of  Nutrition  is  alike  in  both :  in  boUi  the  mate- 
rials  druwu  from  the  External  Medium  are  fonned  into 
proximate  principlt^  and  or^nic  siibatauces.  It  i»  daily 
becoming  more  and  more  probable  that  the  inor^nic 
materials,  n'at«r  and  oxygen, so  frciidy  entering  into  the  or- 
ganism,  nerer  pass  directly  from  the  External  Mediiun  to 
the  tissues,  but  have  to  juua  through  the  Internal  Medium 
where  Ibey  are  changed,  so  that  iho  wat«r  is  no  longer 
free,  but  exiNtA  in  n  fixed  state  which  has  no  aualogue  out 
of  the  living  substance.  Only  a  i>arl  of  the  water  can  be 
pressed  out  mechanically;  the  rest — tliat  which  is  ali'eady 
incorporated  with  the  other  elements  —  can  only  lie  got 
rid  of  in  a  vacuum  and  at  a  higli  tetnperaturo.  Oxygen, 
also,  comports  it«clf  difTerently  in  tlie  tissue ;  as  ia  proved 
by  tlie  fact  that  its  physiological  absorption  is  markedly 
diflcrcnt  from  any  chemical  oxidation  in  a  dead  or  decom- 
posing tissue.*  Be  this  as  it  may,  wc  know  that  organic 
aubstanc«3  have  to  be  unbuilt  and  rebuilt,  in  the  organ- 
ism ;  tJiat  the  albumen  of  our  food  never  parses  directljr 

•  8»c  en  tliU  iMt  jwint  Raxkk,  Die  lebtTubtJiiiffungen  Ar  Acnwn, 
ISM,  p.  34. 
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into  tbe  alburuca  of  oar  tissues ;  any  more  than  the  milk 
iLnmk  by  a  nursing  Dtotber  will  yam  into  ll(^^  breuta,  and 
iocrcase  ber  sujiply,  except  by  iiouriabing  her. 

00.  la  the  l-'irat  Series  of  tlie^  l^iulilcma  tlio  term 
Biopltuiin  was  cii)|ilo>'e(l  to  dtwignule  tliis  oripiuized  part 

the  Internal  Medium.  I  was  IbU  to  adopt  it  a-i  a  cor* 
>udiug  term  to  that  of  Peycliopliisni,  by  wliiclt  I 
wislted  to  designate  tho  stiUieni  toeterial  of  iha  paycbo- 
lugtcal  meditmi.  Tiiere  can  be  little  doubt  tliut  Ui6  turn) 
Bioplasm  w-as  an  luicoiwciouH  ruproductiou  of  ibc  title  of 
Dr.  Bcale'd  vork,  which  I  must  have  seen  advertised.  I 
withdniw  it  now  lluit  I  liAve  reatl  Ur.  It«ale't)  work,  and 
see  tliat  the  signitication  he  attaches  to  the  tvrm  is  almost 
ideolical  with  I'rotitplaam.  In  Ueu  Uiereof,  tbe  term 
flasmode  (from  plasma,  anything  foriiiod,  and  <jdos,  a 
pathway)  niay  be  substituted :  it  represents  the  nvtrient 
material  on  its  way  to  fonn  Protoplasm,  which  is  /ormtt- 
fivf  muterial ;  whUc  tbe  inatcriitU  J'oroird  may  be  tenned 
Orgauites  and  1*roducts:  tlie  oiganite  being  the  c«ll  or 
cdl-derivutive  [fibre,  tube) ;  the  product*  being  the  gaseous 
Uf^iiid  and  solid  derivatives  of  vital  processes,  which  are 
»tcr«lion»  when  they  form  intercellular  substanco  or  return 
into  tbe  plasmodn  nnd  re-enter  tlie  vital  circle ;  ejxretien» 
wli«n  tliey  are  rejected,  as  incapnblo  of  further  asaimila- 
tioB,  TUo  liver-Cull  will  furnish  an  example  of  each  kind 
of  product-  The  bile,  ihougli  con  trilling  priiuiples  service- 
able ill  the  dieniicol  trans  format  iuDi>,  is  for  Ihi.!  must  part 
excieted  ;  but  besides  bile,  tlie  liTcr-oell  produces  starchy 
and  SAOcliarinc  principles  which  are  true  secretions,  and 
le-anter  the  plaamode. 

Gl.  The  orgniiite  i«  Uius  composed  of  sap.  substance, 
and  product ;  the  organism,  of  pliisniode,  tis-sue.  and  prod-' 
net.  A  glance  nt  tbe  vegelablc-cell  shows  it  to  be  con- 
stituted by  the  primonlinl  utricle,  or  protopI.i.*iii,  the 
outermost  layer  of  which  is  condensed  into  a  membrane. 
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or  cell-wall,  aiiit  the  cavity  thus  enclosed  is  filled  with  SAp. 
The  cfll-wftU  Krows  us  iIil'  proto)tlnsin  grows,  mid  the  pn>- 
topIa§tu  drovrs  its  material  from  the  plasmode.  A  glance 
at  the  Wood,  i!ie  great  reservoir  of  the  river  of  life,  shows 
119  plasiituilo  in  the  serum,  and  orgauites  in  ihu  corpus- 
cles ;  the  one  diatiuguished  by  soilic  salts,  the  other  by 
putas«ic  >nl(9.  The  plusiuode.  or  scrum,  is  in  *  eonstftnt 
change  uf  compiiaition  and  decomposition,  giving  up  to 
the  various  tissue-mijanites  and  intercellular  plasmodes 
thv  requisito  miitcrials,  and  receiving  from  organitos  utd 
pbamodes  the  products  of  their  changes.  The  serum  it 
fed  from  the  food  awf  the  tissues  ;  and  it  feeds  the  several 
plasmodes  which  bathe  the  seveml  tissues.  Passing  loto 
the  capillaries,  it  becomes  transformed  as  it  passes  through 
their  walls  into  the  intercellular  spaces,  satumting  the 
acid  products  of  the  cell-activities  with  iu  alkalies,  and 
fiimishing  the  protoplasms  with  their  needed  materials. 

62.  It  will  he  understood  that,  although  in  appearance 
these  etiigcs  ar«  sharply  defined,  in  reality  they  arc  insen- 
sible. But  from  the  annlytionl  point  of  view  we  may  re- 
gard Nutrition  us  Iho  offico  of  the  plasmode,  and  Evolu- 
tion as  the  office  of  the  protoplasm.  Although  ovolutiwi 
or  genesis  of  form  depends  on  assimilation,  it  is  not  u 
neoMsary  consequence :  the  plasmode  or  the  protoplasm 
might  preserve  such  perfect  equality  in  the  wast«  and 
repair,  such  complete  equilibrium,  ta  not  to  undergo  any 
davelopmeut  Tlio  ova,  for  example,  which  exist  in  Uie 
ovnrio))  at  birth  ore  not  nil  subsequently  developed ;  and 
if  with  modern  emhiyologists  we  onnclndc  that  there  is 
no  replacement  of  these  by  proliferation  we  shall  in  them 
have  cxniuples  of  onpuiites  remaining unchange<l  through 
a  period  of  fifly  years.*  But  such  au  equilibrium  Ls  per- 
haps only  possible  in  complete  inactivity. 


■  lk«  W*I.i>xvKK,  krt.  Sitntnet,  in  Kt-nicxcK'it  ffandivdi  d*r  JMn 
nmdm  ffdcc&M,  1(70,  p.  570.     "I  roundin  afmliu,  «h)(l,in«caMa( 
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63.  AgaJD,  althotigb  the  offloe  of  the  plusmotle  in  pri- 
marily that  of  fonniDg  protoplaem,  I  tliiuk  llicn;  in  evidenoe 
to  suggest  ttiat  it  not  ouly  does  this,  but  that  souio  of  it 
is  asetl  in  the  <lin?ct  development  of  ciiciig)-,  especially 
heat  and  electricity.  The  variotis  forms  of  starch  and 
sugar  Ukken  in  with  the  food  or  formed  in  llie  liver,  cer- 
tainly do  not  aa  such  enter  into  protoplasm.  The  saino 
vith  alcohol.  , 

fi4.  It  is  perhaps  in  foigctfulnoss  of  the  artificial  nature 
of  analytical  diatinctions  that  controvereies  rayc  rcspt-ct- 
ing  wliat  arc  called  i[il(;rccUulHr  subeUtnces  and  cell-walls. 
Xow  that  the  wall  is  no  longer  regarded  aa  nn  eflscutial 
constituent  of  the  cell,  but  iis  a  secondarj-  formation,  two 
opiniotu  arc  maintained :  tirst,  that  it  is  merely  a  con«eD- 
tation  of  the  external  layer  of  protopliistu  ;  secondly, 
tliat  it  is  a  product  of  secretion  from  the  ]>rotuplai«nt. 
Both  pMilious  may  be  correct.  Certainly  in  ^onio  ca.<!es 
there  is  do  other  appreciable  ditTerence  between  uall  and 
protoplosin  tlian  that  of  a  grentcr  consistence ;  whereas 
in  many  other  casea  there  exists  a  decided  difference  in 
tlieir  chemical  rcactiona,  showing  a  difference  of  compost- 
tioo.  Taking  both  orders  of  fact,  wc  may  conclude  that 
tl>e  ocll-wall  is  somctitiies  part  of  the  organite,  and  some- 
times product :  a  blood-cell  and  a  cartilage-cell  may  bo 
cited  as  examples  of  «&ch.  And  thia  argument  applies  to 
the  intercellular  snbatance  also. 

65.  The  terms  plnsmodc  and  protoplasm  arc  general, 
and  include  many  speciea  Tlierc  arc  dilfcrcut  plusmodea 
for  Hie  difl^Dt  tissues,  so  tliat  we  find  phosphates  of 
soda  in  tho  blood-scrum,  phosphates  of  potash  in  the 
nerve-plasma,  phosptiatea  of  magnesia  in  the  muscle- 
plasma,  and  phosphates  of  lime  in  the  bouc-pla^ma ;  hav- 

Mttn-tilniBe  lafgiuiicy,  liadlain  thirty  fMti  Jn  th*  body  of  it«  mother, 
r  Mnietare  of  tho  inii«c)M  m  Inliwt  m  if  it  liiul  bnn  twrn  it  it«  fnU 
'  — VincHow,  ailutar  JtiOc^eyic,  L«ct.  XIV. 
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ing  severally  to  form  the  speciticjtlly  difTcreiit  protopla»ins 
of  ibwo  tissues.  Obsorvtf,  moreover,  tin,-  grudutious  of 
tbese  ill  refil'Qct  of  tbeir  physical  state  :  the  blood  being 
the  moal  liqiiii),  the  nerve  a  ilot,'niV  mors  solid,  tliv  luitsclc 
still  more  solid,  aud  the  Ijoug  almost  cutiri'ly  sulid ;  and 
siucc  solubility  of  material  is  a  necessary  condition  of  the 
chemical  changes,  we  caii  uudcrstuiid  bow  the  blood,  the 
nerve,  tbo  luuscle,  nud  tlie  bone  represent  degrees  of  vital 
activity:  tlie  greater  tlic  in-stiibilily  of  organized  sub- 
stauce,  the  moiv  active  its  molecular  rouuvation.  Mauy 
Berious  errors  result  from  overlookiug  the  specific  differ- 
enco4  of  pixjtoplasms ;  among  them  may  be  meutionud  tliat 
very  comuioQ  on«  of  asserting  that  the  ovum  of  a  man  is 
UQt  distinguishable  from  tlie  ovum  of  any  other  uiammiU, 
nor  the  ovum  of  a  mammal  from  that  of  a  reptile;  nay, 
we  sometime:!  see  it  stated  Uiat  the  protoplasm  from 
whtcli  a  niamtniil  may  be  developed  is  tho  same  as  Uiat 
vilicli  is  the  germ  of  an  oak.  So  long  as  this  simply 
RSacrtft  that  WK  have  at  present  no  means  of  distinguish- 
ing them  by  any  chemical  or  physical  tests,  there  can  liC 
no  objectioti .  rjiscd ;  but  it  i^  a  serious  misconception, 
which  any  eiubrjological  investigation  ought  Ui  rwK\iy, 
to  suppose  tliat  the  ovum  is  not  specific  from  t^ 
first 

G&.  Bctweeo  the  organitcs  and  their  plasmodes  tliera 
is  tbo  neci'S^ary  relation,  which  corresponds  with  the  reU- 
tion  between  organisms  and  their  mediums.  Onco  formed, 
tbo  orgauitus  are  arranged  side  by  side,  or  end  on  end, 
into  teKturea  or  tissues,  and  iheso  arc  grouped  intourgum, 
every  organ  being  constituted  by  a  collection  of  tissues, 
as  every  appamtiis  is  by  a  culluctiou  of  orgaus,  and  tlie 
organism  by  the  federation  of  all  the  parta.  Wc  have 
more  than  once  insisted  on  the  necessity  of  syntlietic  in- 
terpretation te  complete  the  indications  of  analysis :  wliiclt 
means  that  no  account  of  vital  phcuomena  is  real  unless 
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it  takes  in  all  tlic  ro-oiMratit  factors,  both  thOM  of  the  or^ 
g&DtBin  and  the  medium.  XcgU-ct  uf  this  canon  vitiatM 
Dr.  ficalo'g  otkerwiae  Ktuarkable  labors. 

THE  UypOTKESIS  OF  GKRUISAL   MATTEE. 

67.  It  may  liel{>  to  elucidate  ccrtaiu  important  pointi 
if  I  here  exainin*!  tlie  hypotJitisia  which  Dr.  Beale  has 
worked  out  u'illi  suoli  patient  Rkill,  but  with  witat  seem 
to  me  such  unphyaiological  results.  lie  deaer\'es,  I  thinic, 
more  applause  than  liaa  Iteen  awarded  to  him,  not  only 
for  tlie  admirable  pati?Dc«  with  whicli  lie  hits  pursued  the 
idea,  hut  also  Tor  Uie  atriking  definiteneaa  of  the  idea  iU 
self —  always  a  great  advantage  in  an  hypothesis,  since  it 
gives  prvcisiuii  to  nsearch.  If  biologists  h«vo  pdid  but 
little  attention  to  it,  tliis  ia  no  doubt  due  to  the  thcoreli* 
cal,  stiti  more  than  to  the  observational  contradictions  it 
pnutents.  Histolot^iM;^  dUput«hia  Tact/t,  or  hi^  interpreta- 
tions ;  while  otiier  biologists  do  not  see  their  way  in  the 
application  of  hi*t  hypothcsiH.  Rcspectin;;  all  disputed 
points  of  observation  I  shall  hst  silent,  for  I  have  myself 
made  no  systematic  researches  in  this  direction,  such  as 
would  entithi  nvc  to  form  an  estimate  of  the  evidence. 
But  my  dissent  from  the  h}-f>othcsiK  is  founded  on  bio- 
logical ptinciplea  so  fundamental  that  I  should  be  willing 
to  take  nty  stan<l  entirely  oti  the  facts  he  himscU  puts 
forward," 

68,  Tlie  hypothesis  is  Uiat  nothing  in  the  orgnni.sm  has 
any  claim  to  vitality  except  the  minute  masses  of  proto- 
plasm (by  liim  called  bioplasm),  which  in  the  egg  repre- 
sent, he  thinks,  about  the  ouo-tliouwuidth  jwrl  of  the 
whole  mas».  Uic  rest  being  lifeless  matter,  namely,  pab- 
ulum, and  formed  material.    Tliis  Itioplosm  ia  the  ga^ 

*  Sm  Beale.  Tfu  Sruetun  0/  the  Simple  Tijaun,  1861 ;  the  Introd. 
to  ha  nlitiou  i)t  T'M  and  RnrnuiB'*  I%!irK!oguial  AniiUmy,  1886  ;  «nil 
time  to  fFart  aiOk  tht  tHerontopt,  4lh  ed.,  ISSS  ;  alM  Sio^um,  mi. 
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miitai  matter  out  of  which,  hy  a  prve«a  <^  dying,  ariw 
the  tissues  and  huinora  oonstituting  the  /ormtd  vuite- 
riat — tliese.  with  ihu  {«huluiu  whidi  feeds  Uio  germinal 
matter,  being  alt  AtaA  material  The  gerniiuul  mutter 
itsdf,  thou^  living,  only  lives  because  there  is  tempo- 
rarily associated  with  it  that  Vital  Forctr  of  which  we 
liAvu  already  spoken  (§  14).  In  virtue  of  this  anaocia- 
tioD,  a  paitida  of  mutter  nob  exceeding  the  one  liundred- 
thoiiBnn<lth  of  an  inch  in  diameter  is  said  to  be  alive ; 
and.  pn:;sumuUy,  to  contain  witliin  it  all  tliosc  inauifuld 
powci^  which  llie  t«rm  life  voodenses.  The  pahulum 
hrought  uuder  the  influence  of  tliis  Vital  Foi%«  is  trans- 
formed into  germinal  matter  whicli,  escaping  from  this 
mysteriuuH  iufluence,  dies  into  ti»siu.  Muscle-fibres  and 
nonc-fibrc*  anj  llius  not  living  parts,  nor  urc  their  ac- 
tions vitaL  So  that,  to  be  consistent^  we  must  not  speak 
of  the  oiganism  as  Uiiug.  hut  as  a  dead  structure  yro- 
dweed  by  tho  Vital  Force,  and  vtt  in  action  hy  the  aid  of 
scattered  bita  of  germinal  mattvr.  He  hus  not,  1  think, 
stated  whether  each  of  these  bioplasms  lias  its  own  A'itnl 
Force,  so  that  the  organism  is  tho  theatre  of  mJIlioiLS  of 
Vitfll  Forces ;  or  whether  it  is  one  Vital  Force  whicli  ani- 
mates the  wliole  oi^anic  world  of  ptuhl«  and  uuimaU. 
K«t  tiotliing  can  be  less  equivocal  than  his  position  re- 
specting the  lifclessness  of  every  part  of  llie  otganism 
except  llifi  gfimiinal  matter, 

69.  The  geriniiinl  matter  may  be  selected  as  the  pri- 
mary stage  of  tlie  I'orraed  niateriul,  the  iidtial  point  ol 
growlh.  and  thus  aland  for  the  pre-emineully  distinctive 
centre  of  Nutrition ;  but  were  we  to  limit  nil  Nutrition 
to  the  geniiinal  matter,  as  defined  by  Dr.  iteule,  and  deny 
the  co-opcmlion  of  uU  the  formed  material,  we  should 
still  not  be  justified  in  riatricting  Life  to  simple  Xutri- 
tion.  We  cannot  exclude  such  plieiioracna  as  iJiose  of 
Sensation  and  Motion,  uor  can  we  assign  these  to  tlie 
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gennioal  matter*  To  suppose  tliis,  v-ould  be  «qviivaliuit 
to  sayiujj  tliat  the  stt;iuu  which  issues  from  a  teakettle 
is  capable  of  th«  actions  of  u  locoiuotivu  engine  The 
steam  from  ilie  kettle  is  like  tbe  steam  from  tbe  boiler,  it 
boa  molecular  uaer^,  aud  by  this  will  co-^;>erate  in  tbe 
production  of  mechanioil  work,  if  tbe  mechatiisui  be  ad- 
jiutcd  to  it.  TIio  nwiecuUr  eiierg>'  of  tJie  protoplasm  in 
muacalar  fibre  may  be  iiitlj^peiisable  to  tliv  ino^vitioiits  of 
the  muscles,  but  tbvsc,  uiid  not  the  protoplasmic  move- 
meDla  alone,  are  muscular  contractions.  An  hxTKithesis, 
thcPuron.*,  whiuli  is  obliged  to  declare  that  muscle-fibre 
and  ner\'c-fihro  are  not  living,  even  when  active  in  the 
ori^utisni,  seems  to  me  defective  at  its  base.  If  we  view 
those  apart  from  tbe  otganism,  they  may,  like  all  tlie 
other  formed  materials,  be  regarded  as  dead ;  and  no  one 
doubts  that  epidermis,  nail,  tioni,  hair,  and  bone  are  dead 
ID  tbis  sense,  that  they  cannot  live  independuutly,  and 
do  not  reproduce  themselves.  But  so  long  aa  even  these 
fonn  cousiituents  of  the  living  organi.iui,  tiK7  also  are 
liviag  (§  4:2).t  It  is  only  by  a  misconception  of  the  ana- 
lytical artifice  that  so  simple  a  brutli  could  have  been 
missed. 

70.  But  this  misconception  meets  us  at  many  a  tum, 
Tho  ViUUist  hypothesis   of   aa   extra-organic   agent  of 

•  "TIio  iili7«ic>l  iiropcrty  of  the  tUsne  doti  not  drptii'l  upoti  tbia  mat- 
t«*,  »er  it  iU  fvaaimi  due  to  it." — Br.mr,  Iiitmluctv/n  to  Todd  and 
Annniin.  |i.  !1.  Thnt  U  lo  Mj,  he  ngani*  vnn  ounlnulilily  aiiil  n<:n- 
rililjr  u  [JijiOnl.  not  vital  facto. 

t  In  turning  ovrr  tlic^  X^b^  of  a  work  which  was  crJftlintlcsl  aome  half- 
omturr  aeo  —  Ki'dolpiii'*  Grandria  dtr  Pk^iiolosU  —  1  wbi  inlcnstHl 
t»  ttnd  k  dwT  itiognitiou  uf  tfcU  liivlogicnl  iinn<i|<lv:  ".Ml?  Thcilc  Ma 
DipDumcn,"  h*  MfOi  I.  iS'A,  "aiii  nii^n  nwh  lo  Tfr>clil«li'ii  In  LIuwr 
Bm,  in  Uitcr  MiaelituiK.  und  in  ihm  ThtttiKkoit  uvn,  >ind  ohae  Au«> 
uaboM  alt  vryntiut/t  unrf  mitkia  al*  Uinul  iii  hrtmdilm."  In  >  noM  he 
•ilib  tlint  jitiytlali^iti  hnrp  roniycml  cfTtjtlii  «»lhl  juirti  —  •'jililrniita, 
nil,  hair,  and  Iwii™  —  to  l»  diad  ;  "  but  ill  iJiwio  nre  org&iiiciUy  devil> 
ofted,  KDi)  arc  in  dinct  <-Diinvcliou  with  tliv  uUilt  imta." 
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coarse  refustd  to  rogtml  I-if«  ns  the  «xptt«9ion  of  all  the 
co-opcrant  couditionB;  and  even  opponents  oC  that  hy- 
polbcHts  often  f;tll  into  the  same  en-or  <>r  i)rincii>le,  wh«« 
tliey  attempt  to  explain  Lil'c  hy  localizing  it  iu  the  cells ; 
whicli  M  simply  a  morpliological  substitution  for  the  once 
po{>ulitr  (loctriTK"  that  only  the  \-flsciihu-  parti  wen;  organ- 
ized, and  every  part  deatitute  of  blood-vessels  uros  dead 
ITiis  idea  sccnurd  supiwrted  by  the  facts  of  the  most 
highly  vasculav  parts  being  the  most  vitsl,  and  of  a  par- 
atloHsm  I'xisliug  between  the  vital  activity  of  those 
organs  which  when  injected  seemed  almost  entirely  com- 
poeed  of  blood-vesscIs,  as  the  liver  nnd  bmin,  nnil  thow 
which  showed  scarcely  a  trace  of  veaseJa,  as  cartilage  aod 
houG ;  il  Sf^'uinud  8u;ijK)rtvd  also  by  the  nppciuoitce  of 
blood-vesBela  iu  all  new  formations,  and  by  the  ide*  of 
the  blood  ili  the  tiulrieut  (Itiid.  Then  came  the  cell-doc- 
trinc,  and  the  belief  that  the  cell  was  the  really  ultimate 
moTpbological  element  —  which  may  l*  true  —  and  tlint 
*  here  alone  (here  is  any  manifestation  of  life  to  be  found, 
ao  that  we  mn.«t  not  transfer  the  scat  of  vital  action  My- 
where  beyond  the  cell,"  *  —  which  is  very  questionablg. 

71.  We  have  already  seen  that  the  cell  is  an  anatomi- 
cal olenicnt,  or  orgamte ;  the  organism  is  but  an  aggre- 
gate of  or^nitf^s  and  their  plnsniodes,  Bnt  Biology, 
which  deals  with  the  or^nism  as  u  whole,  and  with  fuoc- 
(ions  which  are  the  residtnnts  of  nil  the  vital  properties, 
must  not  lie  restricted  lo  any  single  factor,  however  inj- 
portontv  It  would  nssuredly  be  deemed  alwiml  to  say 
that  diamond  rings  and  lead-jiencils  wero  the  same,  be- 
cause the  diamond  and  the  plumbago,  which  are  the 
specific  elements  of  ctich,  arc  both  the  same  chemical 
element,  —  carbon.  Tlic  substance  is  really  different  in 
diamond  and  plumbago,  is  different  in  properties,  and  is, 
in  rings  and  pencils,  united  with  different  substnnccs  into 
•  ViRcaow.  IHe  CcUuIar  Palhofogie.  ISflO,  Lret.  1. 
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objects  having  very  different  properties.  Wlifttevcr  niial- 
yeis  may  disi-ov«r  as  to  lliu  idi-nlitivs  of  or,^aiue  stniv- 
tiires,  we  cannot  expUin  a  single  vital  pheiKimc-nou  with- 
out tuking  iuto  uvcotiut  the  three  tvnus,  Structure,  Ali- 
ment, anil  lastrumetit ;  and  whenever  a  cell  in  siud  to  he 
lh«  Hat  of  vital  action,  these  ibn^  terms  iitiut  be  im- 
plkd.  In  Dr.  Ueale's  bypotheaia  tlie  restriction  in  carried 
to  its  extreme;  not  content  with  the  cell,  he  withdraws 
vital  action  from  the  cell  as  a  wHiole,  a-ssi^jiiing  it  to  the 
protoplasm  and  niieleiis  —  cclUcoiiteuta  and  cfll-wall  be- 
ing, in  his  view.  dead.  If  it  1>e  true  that  the  protoplasm 
is  alone  concei-neti  in  Nutrilioo,  yet  Nutrition  is  not  Life. 
Occupied  ii»kinly  with  formative  processes,  it  leaves  other 
itidispenBable  proce^es  to  other  fiart*  He  instances  the 
removal  of  all  the  tissues  during  the  nietuinorphoses  of 
insects :  —  "  new  organs  and  textures  are  laid  down  al>esli 
and  developed  ab  iniiio,  instead  of  being  huilt  up  itpon 
IboMt  first,  furnictl."  But  to  show  bow  be  restricts  the 
idea  of  Life,  he  adds :  "  Sueli  complete  change,  however, 
noccseicates  a  state  of  eiistence  during  whioli  aclum  or 
fvnetUn\  remains  in  (ompldf  ahryancf"* 

The  muscles  and  nerves  which  are  instrumental  in  this 
functional  life  are  snid  to  be  dead.  It  ih  tnic  that  the 
m»\sclc-fihrc  does  not  develop  fi-esh  fibres.  But  it  is 
equally  tnie  that  (he  protoplasm  i-r  itiu.'K^Ie  does  not  alone 
execute  mnaeular  contraction.  Each  has  its  siH'elal  oifice. 
HeuL-e  I  reject  the  idea  that  formed  material  is  dead. 
He  furtlier  says  "  rornieU  material  may  he  changed,  it  can- 
not cAntt^  itself."  The  antithesis  it  doubly  inexact:  1*, 
nothing  cliangea  itself,  but  only  yields  to  pressure,  or  re- 
acts on  being  stimulatt'd ;  and  2°,  all  the  evidence  at  hand 
is  gainst  the  notion  that  the  formed  material  is  not  the 
scat  of  incessant  UKdwiiIar  change;  it  is  wasted  and  re- 
paired molecule  by  molecule.    Kulliker  properly  protests 

*  Buut,  BkfiiMm,  104. 
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o^Dst  Uie  growing  tendency  of  Liiatologista  to  deity 
prcitoplMiii,  and  co  niaku  it  tliv  sole  seal  of  vital  ctuingvs, 
the  cell-wall  ami  fcU-ptwlucU  liaviujf  also,  he  s»ye, 
Uiuir  ])l>yaiolpgical  importance,  it  is  manifestly  erro- 
Qsoua  to  deny  vttul  cliaug<-a  to  the  ivil  Itltxtd-corpiuvlus 
on  the  ^'ound  of  their  no  longer  containing  germinal 
matter* 

72.  The  analytical  view  may  separate  certain  parts  as 
active,  atiii  utlier  parts  u^  pus^lve,  and  thus  reganl  the  cells 
H3  the  seats  of  vital  activity,  the  intercellular  sabstouce 
ai  mcruly  accessory  and  iustni  mental ;  but  the  real  at 
qrnthetical  view  must  recognize  both  parts  «s  equally 
indispuiiitahle,  u4{uaUy  vital  Talie  cartilage,  for  instance, 
with  its  enormous  prepondei-anco  of  intijit-clltilur  sub- 
stance (formed  material],  and  consider  how  absolutely 
impossible  any  of  its  uses  would  bo  were  it  reduced  to 
the  gertoiual  matter  of  its  corpuscles !  And  ao  of  all  the 
tissues. 

73.  If  formed  material  is  not  to  be  excluded  from  the 
living  parts  of  Iho  organism,  neither  is  the  plosuiode,  out 
of  which  the  germinal  matter  arises,  since  here  we  liave 
tlie  outritivo  changes  in  their  highest  activity ;  and  be- 
caoae  the  property  of  Nutrition  is  here  most  ai^tive,  the 
other  pru]>ei'ty  of  Devulopmcnt  is  in  aheyancL'.  Dr.  Ceale 
holds  that  pabulutu  necessarily  becomes  germinal  matter; 
but  when  we  come  to  treat  of  Nutrition  it  will  appear 
that  this  is  not  mote  true  than  tliat  Food  ueccs^rily  be- 
comes Tissue :  some  of  it  does ;  but  much  of  it  is  used 
up  for  licat  and  other  purposes. 

74.  What  i^  tniQ  and  imjiortant  in  the  di.itinotion  be- 
tween (;erminal  mutter  ntid  formed  miitcriiil  is,  that  from 
the  former  onwania  there  is  a  gradual  jiroce-sa  of  dovitali- 
xation,  the  older  parts  of  every  on^ninil^  and  tissue  ap- 
proaching more  and  more  to  the  state  of  inorganic  matter. 

*  KOLLiKn,  OruK&dtAn,  Mb  cd.,  ISflT.  p.  IX. 
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Bat  to  show  bow  vain  U  tlie  attempt  to  nstrict  Vitality 
to  any  one  out  of  a  complex  of  vo-opcrunt  factors,  we 
might  eel  up  a  chemical  hypothesis  to  tiie  effect  tliat 
Vitality  depends  on  phcispbates.  and  uiih  it  explain  tliu 
phviioinenu  quitu  us  wull  as  with  the  hypotbesia  of  ger- 
minal matter.  For  not  only  is  it  found  tliat  the  produc- 
tive quality  of  a  soil  dei)ends  on  iw  ncliiiL'»:«  in  pLois- 
phates,  butv  as  Lehmanii  has  ahown,  wherever  cells  and 
iihies  make  their  appeaiuuce  phosphates  are  found,  even  in 
the  lowest  otganisma,  whicli.  however,  contain  but  little. 
Phosphates  abound  in  seeds  and  ova,  to  muHcles  and  gan- 
glia, and  are  deficient  in  the  woody  parts  of  plants  and 
the  clastic  fibres  of  nuimtiLs.  Tbu  infant  absorbs  pbos- 
pbatcs  in  lat^ge  quantities  and  excretes  them  in  small 
quantities.  Nervous  activity  is  occompaiiiud  by  the  cou- 
sumptiou  of  a  third  mora  phosphorus  than  accompanies 
muscular  activity.  Phosphati^  arc  among  the  most  ener- 
getic of  organic  stimulants.  But  who  would  endow  the 
pbospliatcs  with  \*itiiUty,  on  the  ground  of  their  indiapen- 
lable  presence  in  all  vital  processes  i 

75.  Life,  aa  we  ww,  is  the  expression  of  the  whole 
organiam.  Many  of  the  parts  are  incaiiable  of  manifest- 
ing any  vital  phenomena  except  in  connection  with  all  the 
rest;  and  of  those  parts  which  may  be  separated  from  the 
organism  and  continue  to  manifest  some  vital  plicnuuicmi, 
none  are  capable  of  manifesting  all.  When  the  connexus 
of  tJic  parts  ix  destroyed  the  organism  ii*  dead,  l/mg 
after  that  cessation  which  we  call  Death,  there  are  still 
evidences  of  Vitaliiy  in  some  of  the  [Mirta :  the  heart  will 
continue  to  beat,  llie  glands  will  sucnite,  the  hair  will 
grow,  the  temperature  will  still  be  above  that  of  the  sur- 
rounding medium,  the  muscles  will  )>e  excitable;  these 
vital  properties  are  the  activitit-s  of  organized  substances, 
and  so  long  as  tlie  state  of  organization  is  preserved  they 
are  presen'ed ;  but  the  Life,  which  is  the  synthesis  of  all 
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the  vital  properties,  «-aiush«5  with  the  deslruclioD  of  that 

76.  May  nt)  noi  gcnenliKC  this,  and  sky  that  ev«ry 
special  fonii  of  existence,  organic  or  inot^ganic,  is  deter- 
milted  by  the  syntheKifl  of  iu  elenieiiU  1  Atoms  are 
groupoi  into  molwulcfl,  niolcvtilcs  into  ittusses,  ma£S<«  into 
systents.  Out  of  the  textiirelesa  gerniiitiil  nienihntiie  and 
the  yolk,  with  no  iidihlions  from  without  except  oxygen 
and  Iieat,  are  developed  all  tlie  textures  an<l  orgaits  of  the 
chick ;  and  this  chick  wciglis  no  more  than  the  egg  unt 
of  which  it  was  evolved.  The  development  has  heen  a 
auoceftition  of  syntheses  —  epiginie«is  upon  cp>)^n«sts. 
We  n»j',  if  we  please,  regard  each  organite,  as  it  appears, 
living  its  separate  life,  and  each  tissue  its  s«|>atntt>  life ; 
hut  vie  maul  not  confound  under  the  same  fiyuibol  modes 
of  existence  so  widely  different  as  tlie  acliviti«8  of  an 
oiganite,  and  the  aclivities  of  an  organism  constituted  by 
millioRR  of  oiganites. 

Ti.  If  therefore  we  cannot  restrict  Life  to  the  processes 
of  Nutrition,  l>r.  Beale's  hypothesis,  wiiatever  value  it 
in*y  have  as  explaining  histof^nt'si*,  is  quite  imncoepta- 
He.  Keither  Vital  Force  nor  Bioplasm  covers  the  whole 
ground.  For  the  former  there  is  no  K-ttvr  evidem-e  than 
our  ignorance  of  the  n-al  synthesis ;  for  the  latter  the  evi- 
dence is  positive  in  its  nature,  hut  it«  interpretation  is 
questionahle.  Dr.  Tteiile  selecLi  as  the  genuinu)  matter 
those  portions  of  tissue  which  aro  susceptible  of  being 
dee^ily  stained  by  the  carmine  solution,  the  formed  mate- 
rial being  only  stained  in  A  faint  deKn?e ;  the  nucleus  and 
nucleolus  are  the  portions  of  germinal  miitk-r  which  are 
most  deeply  stained;  and  hence  lie  concludes  that  the 
older  the  matter  the  fainter  will  be  its  w)loralioii.  There 
is  no  dispute  an  to  the  value  of  the  staining  process,  in- 
venleil  by  Gerlach.  for  the  discrimination  of  chemically 
different  parte  of  a  tissue ;  and  l>r.  Beale  has  made  excel- 
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use  of  it  iu  Ills  reMWoheq.*  Bat  I  altogether  dispute 
th«  conclosion  that  tbe  stuiuiiig  process  rcvcuLs  the  parts 
which  are  exclii»ivcly  vital ;  and  for  this  reasoQ :  it  de- 
pe»<l9  aolnly  on  tlic  acid  rutM;tii>ii  uf  tliuw  part«;  and  wc 
cannot  divorce  tbe  acid  from  the  ulkaline  ugcucies,  hoth 
being  indispensable.  Hay.  it  has  beeu  proved  that  in  the 
Heiiy  animal  no  organized  suketance  can  be  stained. 
Lord  Oodolphiu  Osborne  first  discovered,  in  ISRO,  th»t 
the  proUiplosm  of  ^TOwing  wlicnt  was  susceptible  of  col- 
oration ;-f  but  Gei'luch,  in  1858,  found  that  this  never 
took  place  in  the  animal  durinj^  life.  He  kept  ladpolea 
asd  intestinul  worms  for  wock-'*  in  Colored  fluids,  without 
A  sii^jle  spot  becoming  stained;  although  no  sooner  did 
these  uniiuiib)  die  than  lliu  stuiiiiiig  began.  Xor  even 
when  ho  injected  the  colored  tluids  under  the  skin  and 
into  Uic  stomach,  was  tlie  slightest  color;itiou  produced-J 
To  (lerlach's  testimony  may  l)i^  added  th»t  uf  Stoiii, 
who,  in  his  maguificcut  work  on  Infuwria,  says  tliat  not 
only  has  no  foreign  substance  ever  I)een  found  in  the  pro* 
lopUsD)  of  the  Opulimt,  but  in  the  Arinda,  and  all  the 
ombryos  of  the  higher  Infusoria  known  to  him,  he  has 
been  unable  to  color  the  living  substance.  §  This  resist- 
ance of  the  living  i>roloitIiiain  is  aiuely  a  serious  objection 
to  tie  hypothesis  tliat  only  Uiose  parts  of  the  dead  organ- 
istn  which  are  stained  wore  the  truly  vital  parts.    Itanke 

*  K«TtTtbe1f«i  llm*  an  »nni«  facta  ilimtly  cuntradicting  Iiis  oonelu- 
aoni.  For  uamtJi^  he  cnnHiJcn  the  Axia  c^rliiider  o(  tli"  norvc  to  bt 
fanned  malDrinl,  aud  t^nct  witli  Uax  Sciiultzj!  nod  othen  u  to  its 
libtillil«d  Mnii-liin  :  jyl  acTOnlinj;  lu  Listen  nnJ  Tcirnbk.  Ger.i^CH 
aaA  FaKT,  the  axii  cylinildr  [i  rli'i'jil;  •.uIikm!  Iiy  cnmiiiti^,  anil  In  thia  n- 
t.f*ri.  RKDiUn  tlie  niwlcua  ot  jirotoplojni. 

t  Fran  tliv  <|uila  recent  »|irriini<iil4  M.  Baillah  has  ■u1na[tl«il  to  Uie 
Atajtmit  4ci  Sdcjifrt  i,\M>  K<^tiriiftry,  1S7S),  It  upjioiLn  Itiat  altbnuKhcQt 
ttvwtn  tiamh  MiorctI  Itiiidi,  the  rooU  when  intiel  only  a1«orb  the  fluid, 
nid  Prject  the  roloring  mnlttn,  by  a  TfTttnblF  diatysU, 

X  (tBttr.Arii  til«d  Vt  Kanke.  ^  at.,  fi.  79. 

J  Stk1!I,  At  Orgranumui  <ler  /n/unon^tUrnAm,  U99,  p.  74. 
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sums  up  tho  results  of  hia  cxpcrimonts  thus:  "Hk^aU 
show  that  the  livuig  cell  reaiats  the  imbibition  of  every 
substance  which  it  ciLiiiiot  assiiniLite.  It  is  precisely  the 
impossibility  of  stainiiig  the  ccU  that  proves  this  conclu- 
sively, since  every  particle  of  carmine  absorbed  would 
have  revealed  its  pi-csciiaf," 

It  is  uot  to  be  supposed  that  Dr.  Deale  was  unac- 
quaiut«d  with  Gerlach's  experiments.  He  lias  at  any  rate 
so  fitr  ([tialified  the  statement  of  his  hyputheais  as  to  ad- 
mit  that  it  is  only  after  deatli  timt  the  <^Tiuiuiil  matter  is 
stained.  **  Tho  livlnp  matter  "  (he  Bays,  if<'u>  to  Work  vrith 
thf.  Micro»rope,  p.  107)  "  possesses  an  acid  reaction,  or  to 
speak  motv?  correctly,  an  ocid  reaction  is  always  developed 
immediately  after  its  death."  Now,  since  this  acid  reac- 
tion only  pR'scnts  itself  nftvr  death,  and  it  ts  this  which  is 
revealed  by  the  cannine,  we  have  no  right  to  conclude 
that  tho  carmine  singles  out  the  vital  piirts.  Every  one 
knows  that  the  living  muscle  and  nerve,  when  in  repose, 
present  an  alkaline  or  faintly  neutral  n.>action,  and  afVr 
excitation  this  is  changed  into  an  acid  reaction,  which 
increases  with  tlic  exhaustion  of  the  tissua  In  strict 
lope,  therefore  —  if  we  could  loj^cally  apply  such  a  test 
—  it  is  the  iinstaiufid  parts  that  ought  to  be  called  ntaL 
Itut,  iu  truth,  alkalinity  and  acidity  ar«  equally  indispen- 
sable. 

78.  Tlie  main  object  of  my  bringing  this  question  for- 
ward was  to  illustrate  the  danger  of  being  misled  by 
analysis  :  a  danger  we  shall  see  to  be  very  ticrions  in  psy- 
chological iniiniries.  The  aid  derived  from  analysis  need 
never  be  undervalued  ;  all  that  we  have  to  bear  in  mind 
is  that  it  is  only  a  logical  artifice,  and  that  our  real  cxpla- 
nation  must  always  be  Byntlictic.  Because  of  the  ten- 
dency to  rely  on  analysis  there  has  l>een  an  imperfect  dis* 
crimination  of  the  profound  diOerence  between 
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OKO&inSMS  AKD   MACU1KE8  ; 

and  while  on  the  one  hand  the  legitimate  striving  of  the 
biologist  lo  display  llio  mvcbnnism  of  organic  at^tions  has 
been  (IcDounced  by  a  certain  school  as  Materialism  and  n 
buteful  Mlcuipt  to  "  rob  life  of  ita  mystery,"  there  has 
been  on  the  other  Imnd  a.  misconception  of  (his  niechan- 
iuD,  as  if  it«  dependent  actions  were  of  the  nature  of 
machines,  that  is  to  say,  as  if  organised  niechanisms  were 
strictly  comparable  with  machines  constructed  of  inoi- 
ganic  parts.  Xo  doubt  Uic  law's  of  Mechanics  are  tJie 
same  in  both,  for  these  are  abstract  laws  whicli  take  no 
account  of  concrete  dilTereiices.  Hut  when  elaborate 
porellels  are  drawn  up  between  stcam-onjiinc*  and  ani- 
mal organisms,  the  coal  consumed  in  tlie  one  likened  to 
the  food  in  tbe  other,  and  the  force  evolved  in  lIio  com- 
bottioD  in  both  being  the  same,  thero  is  a  complete  ohlit- 
eration  of  all  that  specially  distin^iislics  vital  activity. 

79-  Retween  an  oi^ganism  nnd  a  machine  there  iit  the 
saperfidal  resemblance  that  both  have  a  complex  struc- 
ture, and  are  eonatmcted  of  dilFerent  and  de]>endenl  parts. 
But  underneath  this  resemblance  there  is  a  radical  diver- 
sity,* Tbe  arrangement  of  parts  in  the  organism  is  mora 
tfaan  tJHXtapMiiion,  it  is  a  ito/iVfanVy,  arising  from  the  fact 
of  tJieir  being  all  differentiations  from  a  common  sub- 
stance which  is  a  special  combination  of  the  three  classes 
of  proximate  principles.  Tims  they  urc  not  parts  which 
have  been  pnt  togetktr,  but  which  have  been  aiolfed,  each 
out  of  a  pnHjxisting  part,  and  each  co-oiicrntiiig  in  the 
very  exbtence  of  the  other.  The  machine  is  niadu  of 
independent  and  primarily  unr«l«tcd  parts;  its  integrity 
depends  on  the  continued  preservation  of  the  substance 

'  Stahl  bkd  a  prelound  convicliou  uf  the  radicsl  diffn«DC«,  though 
be  VH  not  able  to  paint  out  lli«  con<)lt.ian«  iaroWed.    Sm  hU  IfitjuUi" 
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of  «acb  part;  wante  is  here  destruction.  The  organisoi 
is  constituted  bj  inletdepeadeiit  and  pritnahly  related 
part* ;  its  int^rity  deitends  oa  the  coQtiaueU  ilv»tnicUoa 
aod  Kno%-atiou  or  tlieir  suhsUuKC ;  waste  is  a  cuodiUoo  of 
Tlttlit.v.  Tlie  actiona  of  the  machine  are  w^n]ioated ; 
the  actions  of  an  orgaoiita  are  «»-onlinaled.  Tliv  lever 
moves  a  wheel,  and  the  wheel  in  moving  liberates  a 
afm^  each  transmittiug  a  oorainunicaled  iiiipul»c,  Imt 
otfaenrtM  each  acta  iodepeodctitly  —  do  £li;,'lit  luodiiica- 
tioo  in  the  stnicture  or  movement  of  the  wheel  will 
modify  the  structure  or  the  movements  of  the  lever,  no 
alteiatiott  in  the  tension  of  the  spring  will  affect  the 
structure  of  the  wheel.  But  in  the  organism  all  are  parts 
of  one  sympaUietic  whole;  each  reacts  on  each ;  each  is 
altered  by  the  other.  Not  a  Der%-e  is  stimulated,  tua  a 
muscle  moved,  hut  tlic  entire  or^nism  is  aOected  A 
condensation  here  is  tlie  cauae  of  a  greater  imhibitiou 
there.  Tlic  iqjuction  of  salt  or  sugar  under  the  skin  of 
the  frog's  leg  will  proiluoe  cataract  in  its  eye.  The  activ- 
ity of  a  oecrcting  cell  in  the  ovary,  or  liver,  alters  the 
condition  of  the  brain ;  tbe  activity  of  the  brain  n-ill  check 
the  tccreliou  of  a  gland,  or  relax  the  spliincters  of  tbe 
bladder.  When  we  olwor^'o  the  growth  of  hom»,  or  the 
appcanuicc  of  the  beard,  conoomicaut  with  the  secretion 
of  spermatic  cella  —  and  especially  when  we  observe 
with  these  a  surprising  change  in  the  phj'sical  and  moral 
capabilities  and  tendencies  of  the  organism  —  we  under- 
stand how  the  remotest  part*  of  this  mechanism  at* 
Iwund  together  by  one  subtle  yet  all-powerful  tie.  Noth- 
ing of  this  is  visible  in  a  macliinf.  In  a  machine  the 
materia!  h  so  far  of  secondary  importance  that  it  may  be 
icjiluced  by  materials  of  \arious  kinds :  a  pulley  may  bo 
worked  with  a  hempen  cord,  a  silken  cord,  or  an  iron 
chain  ;  a  wheel  may  be  wood,  iron,  copper,  brass,  or  steel ; 
the  actions  will  in  eftch  caac  be  similar.     Not  bo  the 
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oi^ganie  mecliaDiam:  the  slightest  variation,  either  in  com- 
[)oaitiOR  or  intimate  stnictuix;,  wfill  ftlFvct.  iiud  niuj-  frua- 
tnUc  tliu  ot^nic  activity.  It  iii  only  in  the  skeleton  that 
the  specific  chaiactcr  uf  the  iiutturiiils  may  hu  chtuigod ; 
iiud  here  only  in  the  substitution  of  one  phosphate  for 
another  in  the  solid  iiiasoury.* 

80.  Anotlier  tuarkeii  characteristic  of  the  orgaoiam  is 
ttiW  it  luis  a  couuexus  of  aclious,  the  simultaneous  elTect 
of  a  continuous  etolutiou.  appearing  iu  stages  and  ages. 
Aud  til  thu  uuiiuni  or^uiiiuu  there  is  a  tooMnaua  as  well 
aa  A  tonnexMa,  through  which  there  is  evolution  uf  Uiod ; 
BOd  in  the  Social  Orgauij«ui  on  evolution  of  ('ivilization. 
Thia  oouseiisus  forms  au  intGrme(liat«  stagu  through 
yrhieh  tlte  auluial  actions  arc  aen»iljve  ns  well  aa  nutri- 
tive, and  the  nutritive  are  regulated  by  the  sensitive. 
U  is  obvious  tJtat  uotUiug  like  this  la  to  be  futtiul  iu  a 
machine ;  and  we  conclude,  therufuro,  that  any  view  of 
tlie  otgaut«m  which  r^ards  its  mechanism  without  tak< 
iug  in  the^  cardinal  c1iaractcnstic»  must  be  radically 
defective.  We  no  more  deny  the  existence  of  mcchaDi- 
cal  phenomena  in  den;-ing  that  the  organism  is  like  a 
machine,  thnn  we  deny  the  e.\islencc  uf  chemical  pho- 
QOtnena  in  denying  Uint  Titolity  is  chemical 

*  U.  FKn»A!Ci> PAriLuox  hwihown  that  niilinaliniii;br  fed  with  food 
ibpiinl  or  pLoa|ilmt<fK  ol  lime  if  ito  pWn  i«  mpptinl  with  niaftnnU, 
rUaDtla.  or  >lninli>H  ;  tliry  iu»)ei>  tli«ir  botin  out  of  time  lu  out  af  lime. 
But  (10  nth  mlalitatiMi  li  ponlMti  Ui  mimle,  nerre,  or  i-lnnil  ;  «a  eux- 
not  rrfiliM  the  pbo(phkte  of  nugnodn  In  roniKlM  liy  tli"  i>li<i>)>tinti  qT 
Iran,  limr,  or  potMh,  m  v«  con  npkcc  tlio  iron  of  $.  wheel  by  atccl,  cop- 
IMT,  orbRM. 


To 
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CHAPTER    IV. 

THE   PROPEKTIES   AKD  FDNCTI0S8. 

81.  The  terms  Property  aud  Function  nrc  not  almys 
used  with  desirable  precisiou.  There  is,  however,  a. 
marked  dittttucttuii  between  the  praporty  wliieh  charae- 
tetixes  a,  tissue  iti  wlmtuver  organ  the  tissue  may  be 
fonnd,  aud  tlie  function  which  is  exhibited  by  an  or^an 
oomposed  of  sevei-ul  tissues.  M'e  ought  never  to  speak 
of  u  fiiuctioD  unless  we  imply  the  existence  of  n  correlft- 
tive  orgUQ ;  and  it  is  tlierefore  incorrect  to  speak  of  Uie 
function  of  Nutrition,  since  all  IIk;  tissuoa  nourisli  thcm- 
edvce;  but  we  may  speak  of  certain  organs  as  special 
instrumentit  in  facililating  Kuti-ition,  That  also  with 
respiration,  usnally,  but  not  accumtely,  spoken  of  bb  tlie 
fuucUon  of  the  lungs;  the  lungs  being  simply  the  most 
elective  of  the  inatnimenta  by  which  the  interchange  of 
gases  («liich  ulso  takes  jilace  in  every  tissue)  is  facili- 
tated. If  by  Ilespiration  wc  uit-an  Brcatliing.  then,  in- 
deed, Hespiraliuu  is  the  function  of  the  lungs;  if  we 
m4»in  the  absorption  of  oxygen  and  the  exhalation  of 
carbonic  acid,  Respiration  is  a  general  propeity  of  vital 
tivsue.  A  fnigtneut  of  muscle  removed  from  ihtt  liody 
respires,  so  long  as  it.s  organisation  is  intact ;  but  it  does 
not  breathe  —  it  has  no  accessory  instruments,  nor  does 
it  need  them.  The  co-oi>eration  of  nen'e  centres,  dia- 
phragm, ribs,  circulating  system,  etc.,  necessary  in  the 
complex  organism  to  bring  the  due  amonnt  of  oxygen  to 
the  tissues,  and  convey  away  the  carbonic  iicid,  is  here 
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needlesa  Tn  tliu  asn-n^lin^  animal  series  we  find  thi'» 
necessity  growing  with  the  complexity  of  ihv  or^giuiisin. 
The  whole  skin  n»[>ircs  in  tlio  ain[>liibia,  and  to  some 
extent  in  nmn  aUo :  a  Trog  will  live  for  ten  or  fourteeu 
ilaya  after  exiirpalion  of  its  lungs,  tbe  skiii  mtpiring 
AufllcicRlly  to  keep  up  a  feeble  %'ita)ity.  But  the  skin 
does  Dot  aaffioe;  and.  very  early,  cerlain  portions  are 
cp«ciaUzed  into  orgaitb  (at  first  in  the  shape  of  ext«raal 
gills,  and  fioally  as  internal  lungs),  for  the  more  energetic, 
becaiiM  nioro  Rpocialtzed,  perfoimance  of  lliis  office.  In 
the  simpler  organising  the  blood  ts  vusily  reached  by  the 
air;  therefore  no  instmment  ts  needed.  In  primitive 
societies  the  transport  of  goods  is  effected  by  men  and 
women  carrying  them;  in  dvjli/eil  .societies  by  tlie  aid 
of  horses  and  camels,  and  w^pns  drawn  by  oxen ;  till 
finally  Iheso  arc  indiitricicDt,  and  railwnys  nre  created, 
whose  power  of  transport  transcends  the  earlier  methods, 
AS  the  lin*nlhing  of  n  inikminal  lraiisct.-nds  t)to  respiration 
of  a  mollusc.  Breathing  is  the  special  function  of  an 
organ  —  the  lungi!  (or  nioi'e  strictly,  the  thoracic  appara- 
taa)  —  as  Itailway 'l"ranaport  is  a  special  social  function. 
Although  each  of  the  tissues  forming  this  organ  can,  and 
does,  exltale  carbonic  acid  and  absorb  oxygen  —  and  each 
of  tbe  milway  servants  can,  and  does,  transport  objecta 
to  and  from  the  locomotive  —  yet  the  main  work  is 
tlirown  upon  the  special  apparatus. 

82.  Wliat  is  meant  by  properties  of  tissue  and  fimc- 
liona  of  organs  may  bo  thus  illustrated.  !>>t  us  suppose 
ourselves  investigating  the  structure  of  a  ship.  We  find 
it  composed  of  various  maieri/ih  —  wootl,  iron,  copper. 
hemp,  canvas,  etc ;  and  those  under  various  configuro' 
finu  arc  formed  into  particular  part<!  aen'ing  particular 
purposes,  snch  as  deck,  7na»ts,  anclmr,  windlass,  chains, 
ropes,  sails,  etc.  In  all  these  parts  the  materials  preserve 
their  properties;  and  wherever  wood   or   iron   may  be 
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placed,  whatever  [mrpose  the  put  stay  senre^  ths  prop- 
erties of  wood  uud  iron  are  unafTvctecl ;  uod  it  is  thiougli 
a  oombioation  of  these  properties  that  the  part  is  eSe«- 
tive;  whilu  tlirvugli  ilie  ooaiioctiou  of  oue  put  with 
another  the  purpose  becomes  realised.  The  purposes  to 
vhich  uiaMa,  ropes,  or  sails  are  subservient  may  be  callvd 
their  functions ;  and  these  of  courae  only  exist,  tu  tuck, 
in  the  ship^  It  is  the  same  with  tlie  organism.  Wc 
find  it  composed  of  various  Ttasue«.  and  these  are  com- 
billed  into  various  Ot]gaiis  or  Instruments.*  The  prop- 
erties of  Tissues  remain  the  same,  no  matter  into  what 
Organs  ihoy  iiuty  be  combined;  ihey  preserve  and  exert 
theii-  physical,  chemical,  aod  vital  properties,  as  wood 
and  iron  preserve  their  proiwriies.  Each  Tissue  has  its 
characteristic  quality;  and  the  Oi^gan  which  ia  coustructad 
out  of  a  oonibiiiatiou  of  suveial  Tissues,  mora  or  less 
modified,  is  effective  solely  in  virtue  of  these  properties, f 
while  the  Function  of  that  oi:gao  comes  into  play  through 
its  comiiinittiuii  with  other  oi^ans.  For  example,  mus- 
cular tissue  has  a  vital  property  which  is  cbaiacteristic 
of  it,  Ooutraclility ;  and  muscles  are  oi^ans  constituted 
by  this  ti^ue  and  several  others;}  such  organs  have  the 


■  Anatamjr  naolm  the  TuBom  into  OfgMiltM  (cfH*,  TtXnn,  tubm) ; 
hi-ru  iu  provinw  ruJn,  snil  tli>l  ut  Cliomittr;  b«gins  hy  poiiiticig  out 
tllu  tiioli^iiiar  i'i)iti[iU)i<toii  lit  till'  Oi^Tittcii. 

t  Ttiii  liiiiiinoiu  roiiocpllon.  though  vagucljr  Mized  by  Pixn,  wm 
firit  dofiniloly  wronglit  out  by  Bickat.  Sew  tiia  JbebnA-j  swr  ta  Vf* 
It  la  Mart  — niitl  pipniUlty  hi*  ^fnikoni*  OtntroU,  ISIS,  1.  p.  Ixi.  It 
wnii  onu  u(  lliv  Dimt  ){i'riii>ii>l  oom^i'pll'inii  of  mwlf^ni  ttmcu. 

;  iiM  M  thrrr  go  olbi^r  niitcrinli  buidrs  ciLnru  to  nuiki?  t  siul,  ind 
nthcni  bmitii'i  iron  to  iiinkp  «  wLihIUn",  «o  llnTP  go  hIIiit  tftuuM  IhsIiIm 
l!ii>  [niiMTiilnr  li>  rnrm  a  miiwl"  —  ilii'rc  it  thn  mnmbmnoun  mrclojK,  the 
nervt,  thn  IiIikmI-tdsuIh.  the  lyni|)hotieik  the  Ifndon,  mul  lli«  tut.  Even 
in  Conlmption  iIipm  is  anotluT  jiroifrty  iiivoWi'il  Vslilt*  the  Coiitmc- 
lililj  ot  tljH  niKiirular  I'lminnt,  iiaiiifly,  the  Elistidty  of  ihp  fihrous 
ir«JI  of  thn  minpiiUr  tulw  ;  but  ConimctiUty  in  lh«  doiuiuut  property, 
Uid  drtermincB  tlir  ipvctalily  of  the  fuDCtioii, 
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igeneral  function  of  Contraction,  but.  whether  this  aliall 

fit  spMially  niuiiifi.-«t<:Hl  in  the  beating;  of  tlm  lican,  the 
winking  of  the  eycliil,  th«  movement  of  the  chest,  or  the 

,  vnrifid  movements  of  the  limbs,  vrill  du])(;u(l  on  the  ono-j 
omical  connKfion*.    Tlie  reader  unfamiliar  with  Biol 

lis   requested   to   pay  very   purlicuLir   utt«ntiou   to   tliiBi 

•  point;  he  vill  find  many  obscuvities  dissijiiitcd  if  ho  onc6 
laj-s  hold  of  the  "  imnoiiml  connections." 

63a.  Althougli  Bichat's  conception  was  of  great  valu«, 
it  was  not  stifficicntly  dtHcngaged  from  the  nietaphysicftl 
mode  of  viewing  biological  plienomena.     Itoth   he  and 

^luB  disciplfs  will  be  found  Iri'atin;;  Properties  an  eutiUeSi 
and  invoking  them  as  mi(,w^  of  tlie  phenomena  instead 
of  Tvcoj^niziug  litem  i^imply  as  abEtract  expriisum.*  of  the 
phenomena.     Keadei*!!  of  my  First  Series  will  remember 

,  bow  ofteu  I  have  had  occasion  to  ]ioint  out  ihis  common 

[•nor:  men  having  baptized  observed  fact»  with  a  com- 
lienatve  name,  forget  the  procesn  of  baptism,  and  unp- 

F7O0O  the  name  to  represent  n  mysterioufi  agency.  The 
fact  that  gaaea  combine  is  expressed  in  the  term  afllnity; 
and  tliea  AiQnity  is  undei^Uigd  to  be  the  cituse  of  the 
ooinbinations.  The  fact  that  bodit-H  teml  towards  each 
other  is  called  their  gravitation,  and  Uravilation  islhcQj 
lid  to  caiiso  the  tendency.  The  doctrine  of  vital  prop. 
Brties  ha."*  l>een  thus  misunderstood.  Wiilo  no  one  im- 
ttginea  that  ho  can  operate  on  affinity  otherwise  than  by 

'Operating  on  the  known  conditions  under  which  gases 
ambino,  many  a  biologist  and  physician  a|M'-ak8  aa  if  ha 
could  operate  on  the  Irritability  of  a  tissue,  or  the  (Co- 
ordination of  muscles,  by  direct  action  on  these  abstrac- 
tiona 

Let  it  be  therefore  once  for  all  t-xprt-ssly  stated  tliat  by 
tlie  properly  of  a  tissue  is  simply  meant  the  eonslani  rwde 
Iff  reaction  of  that  tUnue  viuUr  dfjiniu.  conditiont.  The 
rty  is  not  a  cause,  otherwise  than  the  conditions  it 

TDI.  III.  1 
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expresses  are  «  catisc  And  these  coiiditious  ore  first 
thosg  of  the  oT);nuized  structure  itself,  and  secondly  thoM 
uf  the  iii«duim  in  which  it  lives.  Uxygtiii  unitvs  willi 
Hydrogen  to  form  wutor,  buluuly  uiitlcrcvi'tun  pressures; 
so  likewise  lunacies  maoifeat  Coiitraclilitj:  on  being  stiiu- 
ukted  (that  is  tlicir  mode  of  rcactiou),  b«t  only  uuder 
certain  decrees  of  temperature,  humidity,  atid  a  certain 
cheDiical  composition  of  tbe-phucuode.  The  property  is 
so  truly  ai)  expression  of  the  co-opetaut  conditiona,  that 
it  ift  found  to  var>'  with  tJioee  oonditious,  and  to  vanish 
when  thvv  vary  l>cyond  a  certain  limit. 

An  attempt  has  liccru  mudc  to  restrict  the  notion  of  u 
property  to  nii  ultJuiiite  fact.  Whatever  is  not  reducible 
to  known  cuDditiuns  ia  to  be  uecvpted  ai  a  pro{>eTty. 
Combustion,  for  example,  is  reducible  to  tlie  molecular 
combinatinn  of  oxygc»  atid  some  other  f^us ;  but  this 
combinaliou  itaelf  is  not  reducible,  and  it  is  therefore  cbrLs- 
t«ncd  utFinily.  I  ctumot  accept  this  view.  Admitting 
our  inability  to  say  icAy  gases  combine  undi-r  ciTtnin  con- 
ditions (and  ill  Uiis  sense  all  fact«  are  inexplical>Ie  and 
ultimate-,  unless  we  take  the  !u>w  as  ample  explanation  of 
the  wht/),  1  must  still  say  timt  siacv  afiinity  itself  (lopeods 
on  the  cu-opcmiion  of  known  conditionit,  it  is  not  less  ex- 
plicable than  combustion.  But  the  point  is  luiinijwrtaut : 
what  w«  hiivc  hero  to  settle  is  the  i»c*nin->  of  a  proper^ 
of  tissue,  —  and  that  ia  tlie  mode  of  reaction  which  lliat 
tissue  manifests  under  constant  conditions,  intenml  and 
extcruaL 

83.  The  evolution  of  Life  is  tho  evolution  of  special 
properties  and  functions  from  general  properties  and  func* 
tions.  Tbo  organism  rises  in  power  as  it  minitics  into 
variety.  Out  of  a  seemingly  structureless  germinal  inem- 
bmne,  by  successive  differentiations  certain  jwrtions  are 
set  apart  for  the  dominant,  or  exi>lu!tivii,  pcrfomiaDce  of 
certain  proce*ws ;  just  ai  in  lliv  social  oi^ganism  there  is 
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a  setting  apart  of  certain  daasea  of  men  for  the  domi< 
naat  or  «xi:lu»ive  i>orformAnce  of  offices,  which  by  thf^ir 
co-operation  constitute  Society.  Tlie  tioklier  figlits,  l>ut 
<m»e»  to  build  or  reop,  weav«  orte«cli ;  tliu  iimsou  buiMs ; 
tlie  a^^eulttirist  sows  aiKl  reaps ;  llie  priest  and  thiiilcor 
teach;  tlie  autranuin ^ovenu.  Iii  simple  sixiclits  each 
itoes  all,  or  nunrly  uU  ;  but  tU«  sociui  lifu  thua  tuanil'eaLed 
13  markedly  iuferior  to  tlie  energetic  lifo  nf  a  complex 
society.  So  witb  orguniiiitiii).  An  anioibu  mauii'ests  the 
general  propeilies  of  Nutiitton,  Iteproductioii,  ::>cii9ibility, 
and  MovciuuuL  But  it  hiut  no  special  or;^'au5,  corue- 
qneutly  no  special  functions.  The  polj'pe  has  a  cerUiin 
rudiiDuntury  spectoliiatiou  of  parts :  it  has  a  simpto  ali- 
tneolafy  cavity,  and  prehensile  tentacles ;  and  allhati<;>i 
by  tjicse  it  can  k'ixk  uud  digest  its  prey,  it  can  only  do  so 
in  a  limited  way  —  all  the  manifold  varieties  and  i>ower 
of  prehension  and  di<^-8tioa  observed  iu  mora  complex 
orguiisms  an:  imivossible  with  such  organs  as  the  polype 


84.  Diff^nces  of  .itTticturo  and  connection  neCMSaiUjr 
bring  abont  ooncsponding  differences  in  Function,  ainca 
PonetioD  in  tbu  dirtcted  eru-rytf  of  the  Properties  of  tissues. 
One  orjiau  will  differ  from  nnother  in  Rtnicture,  as  the 
liver  from  Uio  pancreas,  or  the  kidney  from  tli^  splerai ; 
or  one  organ  may  closely  resemble  another  hut  diJTer  from 
it  only  in  ronncraona,  a»  a  sonsory  and  a  motor  uervo,  or  an 
uxtODGor  and  a  flexor  musnia  We  must  tlierefore  always 
bear  both  point*  in  mind.  Every  modification,  structural 
or  conncctional,  is  tmiislatcd  by  a  correspoDding  modiGca- 
Uon  in  the  ofRce.  The  hand  and  the  font  .thow  this  well, 
riie  tissties  are  tht-  sarni;  iu  both,  the  prop'irtics  arc  tho 
sanw;  and  both  liavo  the  same  general  function  of  Pre- 
Itension  ;  but  their  morphological  differences  cany  cone- 
spooding  difiTvrences  in  their  uses. 

Suppose  we  hare  a  galvanic  b«ttery,  ive  know  iJiat  it* 
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electric  foreo  may  be  variously  applied.    Two  pi 
ciharcoal  fixed  to  tl»o  ends  of  its  conducting  wires 
the  electric  light ;    replacing  the  charcoal  by  a  telograpl 
apparatus  wc  oiti  transmit  a  message  from  one  contine: 
to  the  other  ;  the  wii-es  dipped  in  a  solution  effect  u  cJmjui 
ical  dccom]iosttion,  dipped  into  a  mixture  of  gases  the; 
effect  a  chemical  composition.     In  these,  and  many  otirt 
applications,  the  property  of  the  battery  is  conshmt;  bn 
the  functions  it    subserves  have  varied  with  the  varyiqg 
co-openuils.     So  with  the  properties  of  tissue.*     Not  onlj 
havo  we  to  bear  in   mind  the  organic  conni>ction3  of  ttuj 
tiBSueit,  but  also  llic  relation  of  the  oi^pins  to  their  medu 
Swiiiimiug  ami  "Walking,  for  example,  are  both  fiinctioD 
of  tlie  lociimotivo  appnrutus,  hut  thuy  arc  specially  diffei 
enccd  by  the  media  in  which  the  animal  moves. 

85.    The  properties  of  tissues  are  their  peculiar  mode 
of  reaction,  nud  each  tissue  Iiili  its  dominant  chaTacterif 
tic,  such  na  the  Contractility  of  the  muscle,  and  the  Nom| 
ility  of  the  ner\'C.      But  there  has  of  late  years  sprung  od 
a  misleading  conception,  partly  a  consequence  of  tlie  celS 
theory,  and  purtly  of  Ihc  almost  inevitable  tendency  of 
•uioiysis  to  disrej^a'''^  whatever  elements  it  proviaionallj 
acta  aftidc  ;  this  c-o^^^'^^^^OTk  is  the  removal  of  the  propcrtj 
from    its  tits\it  a-T**^   ^''^  localization  of  it  in  one  of 
O'^'ga.-n.Uf^ . —  cell    or    fil*"-'-     This   has  been  conspicuoi 
mischievous  in  tbe  case  of  the  ner\o-cell,  uhich  has 
«M<Jowe<l   with   mysterious  power*,  nud  may  he  said  to 
nave  usurped  tho   pJa<>fi  of  nerve-tissue.     I  sludl  have  t< 
speak  of  tliis  in  tlie  next  problem.     Here  I  only  warn  ti 
«tmient  against  tbo  common  error.    The  properties  of 


"  t.'«l,{|i,^t  m«*culi>i"'  l»ut  tin  uturxi  h  «no  TduIp  ilo  iii«canii 

•    ^»^*'"'»*  :   laiitfti  i  nn   "^  MMt  i  un  inttrtin.  tanlfll  ^  nno  WmIp.  taat 
^*        <^  .  •*  ""  *'»>»floini.  unt&t  &  ""  eondnil  ripn'l«ur,  taniet  nifin  b.  d™  ■pput' 

jk    '*  >«        •^^Vport  ntr  Itt  l-TtgrU  da  la  PhynoUgU  ginirale,  18«r,  P.  38. 
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tissue  depend  on  tiie  structuro  and  composition  or  that 
tissue,  tiyrtlier  with  ita  plaBinode  and  produfta ;  Uiey 
vzry  as  these  nry.  To  select  iiny  one  element  iti  tbia 
complex,  and  ascribe  the  reaction  of  the  tisauo  to  tJiat,  is 

Ionlj'  permissible  as  a  sliorthand  expn^tion. 
86.  WTial  has  just  been  t'xpoimded  riwy  he  condensed 
in  the  following  biological  law :  — 
[  IdeniUy  c/limuectrywluTe  implies  ideniUy  of  proptrty ; 
and  stntilarili/ ^ tusue  correspotuiing  simiUtrity  of  prop- 
erty. Ideniily  of  organic  tonruction,  ertrtftoktre  impiU* 
ideniUy  of  funelion;  and  stmitariiy  of  oryanie  cvRmetian 

•  Kimilarity  of  function. 
87.  This  law,  first  fonnulated  by  me  in  1859,  and  then 
applied  lo  the  interpretation  of  nen'ou^  fiuiction^.  was  so 
little  understood  that  fur  the  most  part  it  met  with  either 
decided  deuial  or  silent  n«glcct ;  no  doubt  because  »f  the 
general  disinclination  to  admit  ttiat  tlie  properties!  and 
functions  of  tJic  spinal  cord  could  be  similar  to  those  of 
the  brain,  in  correspondence  with  the  similanty  of  UieJr 
tissues  and  organic  connections.  Even  Professor  VutpJan, 
who  adopted  il,  aa  well  as  my  principal  interpretitlions, 
hesitated,  and  relap^d  into  the  orthodox  view  in  assign- 
ing  Uinw  different  pro^xirties  to  one  and  the  same  tissue 
in  cord,  medulla  oblongata,  and  corcbnim.*    In  the  course 

»of  onr  in<juiric9  we  shall  so  frequently  Iiavo  to  invoke  this 
law  tlial  1  earnestly  beg  the  reader  to  meditato  upon  it, 
and  ask  himself  upon  what  other  grounds,  save  thoao  of 
structure   and  connection,  the  ]iroperlieM  and  functions 


to 


'  VcU'lAN.Zfu'u  wur  la  Phynolope  duSyittnu  A'fnwuf.  IS6S,  p.  QSI. 
Inaworfc  jurt  puWi»ln»i  I  firn)  M.  Lcrs  lirmtating  «t,tho  ooniirt«nt 
■pplication  of  thu  liiv.  Attfr  poinUu^  mil  tli"  iiWlltf  nf  llin  IImiip  fa 
nrribmin  nQil  ifitiul  ci>nl.  he  u  only  prrpari'il  to  uy  that  wn cannot  ilnny 
llut  thrr"  in  nr>  imjKMi^ilHy  b  sdmittiiig  pbynalo);ical  aquimknro 
where  thptv  i«  moriiholagk*!  equiraliMif  e.  —  Lcr»,  Adioni  Sffina  rfu 
Cmmt.  W*.  p-  1*- 
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can  poesibly  rest  t  If  on  do  oUicr,  then  similarity  in 
structure  and  connectioD  l>y  logical  oecesaity  involves 
simiUrily  in  piupuity  aud  fuiicliuu. 

DOES  THE  rCNCTTOK  DEnftMTKB  THS  OSOXlt  ? 


88.  Closely  connected  with  Uiis  law,  wLiioh  simply 
formntates  tlic  aelf-«viduiil  priuciplc  that  crery  aeiion  u 
rigoroutly  determined  bff  tht  nature  of  the  agent,  and  the 
eonditums  under  tckidt  the  act  laJxs  place,  is  Uic  surpris- 
ing question  whotlier  functions  aro  dependent  upon  organs, 
or  OT^ti^  dependent  on  functions!  —  a  ([uestion  wliich 
sometimes  takos  ttii«  skuiw :  l»  Life  tlic  result  of  organ- 
ization, or  is  organization  the  result  of  Life  ? 

Tliv  vitulist,  who  holds  that  Life  is  an  exirtwoigMue 
agenty  is  logical  in  decluritig  or^unizution  to  be  the  conse- 
quence of  Life;*  but  there  are  many  oi^oaicists  wbo 
conclude  from  certain  facts  that  oi;i^n8  are  developed  by 
functtf>n«,  nml  that  organization  is  a  refiiitt  of  Life.  There 
seems,  however,  to  be  some  cquivwiue  hi-n;.  I  canooC 
otherwise  undtirstand  liow  Mr.  Spencer  should  Itare  writ- 
ten: "There  is  one  fact  implying  tliat  Function  must 
be  regarded  as  takint?  t'lc  precwlvnoe  of  Stniclure.  Of 
the  lowest  rhixopoda  which  present  no  distinctions  of 

*  It  h  1i»caDM  nwn  ronvMlcd  Uio  remit  into  «  principle,  »ad  tup- 
pMsd  tlwt  Life  ptiivcilcrl  ihp  OrgnuUm,  th«t  Xhrj  vrn  1«1  to  puude 
thvmarlm  orrr  miirli  facia  lit  (hf  coiiliniiinr*  of  vitillty  iii  ditid**! 
orpinlaiui.  ARitraTi.c  Mt  the  force  nf  tUe  ol^jintton  :  "Pluntx  whm 
dJTidnd  (re  uvn  to  lire,  ind  k>  an  ctrtoin  inMrtH,  u  if  H31  yaiwliig 
tho  nmc  Vital  Priocipli?  (i)i-):^  mi>i[<Im'l  t;ii>i.<iS<:nlly  (ry  fOii)  thnu^ 
tiot  llic  nsoHi  BumrHcaUy  (jih  ifit9iu/i.  Each  of  tlioiu  [iut*  kw  Ma- 
ntlon  Hill]  ].>roniotlon  for  a  tiinr ;  aii<l  Utttt  is  no  tnom  lor  aiirpriM  tt 
tbrir  net  conilnuiu);  lo  numifott  lliiiv  proimtif*.  tmiii^  llul  tin  oigMM 
nKMMjy  for  tliwr  (iniM-rTsUoii  ■m  lAimnX." ^  ft  Atunut.  Ub.  1.  Ch. 
IT.  Comimiv  EUnu,  /%>7tu.  S'aiuraii*  adBerrua  AriitJddfm.  Anst«r> 
im,  IMD,  p.  S0O  :  un>l  TACiiSLLCa.  Omtra  CamSpiiMm,  1A50,  p-  $50  : 
naithtt  of  thrm  (n]'[ili[i£  irith  tha  dlfficultj  w  Brnil;  m  AaiSTOTLa. 
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ports,  and  ncrertheles!)  feed  and  grow  and  movo  about, 
ProfeasDr  Uuxlt-y  lias  roiuurkod  Uint  thoy  exhibit  Life 
without  Oiganizatioo."  •  The  equivoquu  litro  arises  from 
tlie  pnictico  of  colliug  all  livinji  bodies  " orgaiiiaiiis," 
even  those  destitute  of  tlie  diRViviitiatioQS  oallud  organs; 
Uiit  if  we  substitute  the  term  "  living  body  "  in  Ucii  of 
"  oipinisin,"  tlic  L-quivoqiie  will  disappear,  and  Function 
no  loogor  seem  to  precede  Strufture.  Neither  Mr.  Speo* 
cer  Dor  Mr.  Huxley  would  sflirin  that  Ufu  can  be  man- 
ifested witJtout  a  living  body;  and  every  lixiug  body 
most  ha\'b  a  stntcture  of  some  sort  —  unless  hv  structure 
be  tDCant  a  sjwciiU  coufigumtiou  of  parts.  Thi>  proper- 
ties of  a  body,  vrhetlier  it  be  simple  or  complex  in  struc- 
ture, retuU  from  the  propertivs  of  its  coiuponont^^  and 
the  vital  phenomena  ^ury  vith  these  varying  compo- 
oeots.  The  substance  of  a  Khizopod  is  iiid<^  simple 
aa  compa)«d  with  llmt  of  hi^ther  orgonisnia,  bnt  is  com- 
plex iu  cumiui-ed  with  ai)orgaiiisiii»;  and  corresponding 
with  tliis  simplii-ity  of  structure  there  is  simplicity  of 
vital  function,  f 

89.  Tlic  propertia  of  steam  arc  exhibited  by  the  kettle 
on  the  lire,  no  less  tliaii  by  the  gigantic  engine  which 
noimates  a  inanufactury ;  but  the  vm^  of  steam  (the 
functions  of  the  engine)  vary  with  the  varying  structure, 
and  the  applications  of  tlial  structure  to  other  structures. 
Precisely  analogous  is  ttie  case  of  the  oi^ii  and  iUt  funu- 
tion,  in  relation  to  the  living  sub-'tatire  of  which  it  is  a 
peculiar  modification.  Vital  actions  arc  manifested  by 
a  lump  of  protophksii) ;  but  tliese  actions  are  as  sharply 
demarcated  from  the  actions  of  mure  bij^hly  organized 
■"'"*?U.  as  the  phenomena  of  a  steam-engine  ar«  from 
thoae  of  a  teaketUe. 

90.  Mr.  Spencer  has  nowhere  dcliticd  what  be  means 

•  SniKCKit.  PrinflpUt  p/Siolofn,  1M4,  1. 15$. 
t  Osmp.  Laiubck,  Philat.  Ztol.,  II.  114. 
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hy  Structure,  nor  giv«n  a  definition  of  Organ,  an*]  this 
neglect  niake«  it  dltficult  ri-;litly  to  appreciate  bis  view. 
But  whellier  we  take  structure  to  signify  the  sithstanee 
of  the  living  body,  or  the  fiifferentiati&ns  of  that  aub- 
Ktunco  into  scp;tnit«  tissues  and  orgaus,  in  either  case  the 
actions  (fnnctiona)  of  wiiich  tliia  structure  1.1  the  agent 
mu^  be  rigurouiily  dcttcnnined  by  it.  Mr.  Spencer  bas 
avowed  tins  in  declaring  that  tlie  "general  physiologist 
inuy  consider  rtinclious  in  tlicir  widi^st  sense  us  tJic  oor- 
relatives  of  tissue."  Is  this  true  in  the  wideat  senae  and 
not  true  in  tbc  narrowed?  I  lun  pii/./led  to  lind  him 
insisting  that  "' function  from  beginniug  to  end  is  the 
deterniiiiing  cause  of  stnicturc.  Not  oiUy  is  this  mani- 
festly true  wliero  the  modification  of  structure  ariscii  by 
reaction  from  modification  of  function ;  but  it  is  also 
true  wbcru  a  mocltfication  of  structure  otlierwiac  produced 
apparently  initintes  a  modification  of  function."  Such 
laiiguiigo  would  be  consistent  were  he  a  %'italist  who 
believed  in  a  Principle  independent  of  Matter  which 
shapes  matter  into  organic  forms;  but  as  a  positive 
thinker  he  can  acarcely  escape  llie  adnii-ision  that  since 
Function  is  the  activity  of  llie  Agent  (Function  in  the 
wideat  sense  being  tlie  action  of  the  whole  Oiyanism,  and 
in  \ls  narrowest  sense  the  action  of  the  special  Organ) 
there  cannot  be  an  activilt/  preetding  the  atjcnt.  1  sus- 
pect that  be  docs  not  always  bear  in  mind  the  distinction 
between  Property  and  Function,  and  consciniontly  is  led 
into  statements  at  variance  with  the  principles  ho  pro- 
feasea  As  far  as  I  understand  the  course  of  his  thought, 
it  runs  somewhat  thus:  With  llie  increased  uao  of  an 
organ  its  volume  may  bo  increased,  its  stnictun:  altered; 
this  alteration  will,  by  reaction,  cause  alterations  in  other 
Otgans,  and  tlius  the  result  of  a  change  in  the  habitual 
activities  of  an  animal  will  be  an  alteration  in  the  ar- 
isngcmcnt  of  it*  parts. 
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91.  Wo  speak  loosely  of  an  organ  being  developed  by 
iocroaseid  activity ;  but  this  is  loose  speech,  and  investi- 
gation shows  Utut  the  or<;nu  is  not  duvulupod  by,  but 
uccompuDtuti  the  increased  activity,  every  increment  of 
activity  being  ueceiearily  prweded  by  a  corresponding 
iiicreiuuiit  of  structure.  Tliis  is  evident  d  priori:  the 
force  manifested  i.<)  inherent  in  the  structure  manifesting 
iL  Tlius  we  uu};ht  not  to  say  "'  tlie  viL-suuIiir  systviu  fur- 
oisbea  good  instances  of  the  increased  growth  that  folloum 
incraased  function";  we  ought  to  »ay,  "  that  pertiiiu  in- 
creased function."  Thei  muscle  huvinj;  a  coutraclUc  power 
repreaentcd  by  10,  ejipenda,  n'e  vill  supi>aso,  7  unit«  of 
force  in  its  nornml  activity,  and  these  are  reptacvd  by  it4 
normal  nutrition.  If  from  an  extra  demand  upon  it  9 
units  are  exi>ended,  tbo  muscle  bccomi'S  I'ati^ucd,  if  10, 
exhausted,  and  it  will  no  longer  contract,  tlic  whole  dis- 
posable sum  of  its  contractility  bving  di«sipulcd.  During 
all  these  stages  the  structure  of  the  muscle  — or  to  pre- 
vcut  all  equivoque.  let  us  say  the  siibstunce  of  the  iiitiscio 
—  has  been  changing,  not  indeed  in  any  degree  apprecia- 
ble to  the  eye,  Ijiit  »|>|tri.-ciiiblo  by  llic  more  docisivii  tests 
of  chemical  and  physiological  reactions.  Yet  inasmuch  as 
in  the  ordinary  course  of  things  the  viAnUi  is  quickly  re- 
{laired,  (he  muscle  in  repose  once  more  regains  its  origi- 
nal state,  once  more  represents  10  units  of  contractility. 
N'ow  let  us  consider  what  takes  place  when  extra  labor  is 
thrown  upon  the  muscle,  when  exercise  causes  growth.  At 
the  outset  of  a  walking  tour  we  may  nut  bit  able  to  com- 
pauH  more  than  twenty  miles  a  day,  at  its  cloeo  we  manage 
thirty.  Is  it  the  increased  activity  of  the  function  which 
has  caused  tliis  increase  of  stntcturc '.  In  one  sense,  yes ; 
but  let  lis  noderstand  iu  Had  tlie  increo.'Ui  of  activity 
been  temporary,  Uiere  would  Ilavc  been  only  a  U.iniporar}- 
increase  of  structure.  But  when  the  ordinary  expendi- 
ture of  7  units  rises  to  9,  on  several  successive  days,  this 
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extra  expoaditiird  of  tiBSuc  lias  but  (o  Iw  met  by  on  extra 
nutTitioii  —  L  e.  more  plasmode  has  been  formed  and 
laorc  jirotoplasni.  It  is  u  physiological  law,  easily  ex- 
pUino<],  that,  within  due  limits,  extra  vrasto  briu^  about 
flOttn  reiiair:  a»  the  dianneU  are  widened  and  i»ultipli«d, 
tbs  derived  ciimints  bcc-omc  stroii^i;r,  and  the  iucrtiasicd 
flow  of  nutrition  whiuh  was  temijorary  becomes  perma- 
ncut,  bentuso  tbJs  incruisc  'm  no  longer  do|)un<]unt  on 
an  extra  stimulus,  but  on  an  enlarged  channel.*  When 
the  channels  liuve  not  become  multiplied  or  enlarged, 
which  must  be  the  case  whenever  the  extra  stimulus  ia 
fluctuatia^  mid  temporary,  the  extra  expenditure  ia  not 
followed  by  incrctised  sine  of  the  muscle:  the  currents 
resume  their  old  directions,  no  longer  being  diverted. 

92.  Lot  tbe  social  or>^ui8m  furnish  us  with  nu  illus- 
tration. At  the  present  moment  there  is  a  movement 
afjainst  the  rctiiil  shupkwpere  of  London  in  favor  of  Co- 
operative Stores.  The  stimulus  of  getting  better  goods 
and  cheai)ei-,  attracts  the  flow  of  custom  from  its  old  chan- 
nels ;  and  if  this  continue  a  certain  time  the  new  arrango- 
meiils  will  bo  So  thoroughly  organined,  and  will  work  so 
easily,  that  Co-operative  Stores  will  to  a  great  extent  sup- 
plant the  retail  .sliiip.*.  But  if  from  any  causes  the  stim- 
ntua  slankon.i  befoi'e  this  reorganimtiun  bos  passed  from 
the  oscillatint;  into  the  permanent  stage  —  if  the  goods 
are  not  found  to  be  superior,  or  the  cheapness  not  worth 
the  extra  trouble  —  the  old  influences  (aiding  our  indo- 
lence) which  have  been  long  and  continnously  at  work, 
will  cause  the  social  organism  to  resume  it^  old  aspect^ 
and  the  co-operative  "varieties"  will  diMppear,  or  exist 
beside  the  uncicnt  "  sjwcios." 

In  the  one  case  a.*  in  the  other  a  fjlance  at  the  process 
is  enougii  to  detect  that  the  increase  in  the  activity  has 


'•  Coai|i,  Spbuckr,  tp.  til.,  11.  3(12,  saa,  for  good  illuilmtion*  orUila. 
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beeo  preceded  by  a  con^nponding  incieafie  in  llio  stnic- 
Utro.  Tbe  moscJc  has  not  been  enUri^  fn/  extra  acliv- 
ity,  but  v'itA  it.  Tbe  co-operative  action  has  grown  with 
cech  additional  oo^pemtor.  l/toking  at  tlm  cumcs  from 
afar  we  may  justly  suy  tlint  dc^vfilopmont  has  beea  due 
to  funf.Iion ;  Imt  looking  to  the  process  wo  swj  that  «ich 
incicmcut  of  activity  was  ncct'ssarily  diipoadeiit  on  an 
iucreineut  of  subetance.  Wlien  changes  of  habit  or  adap- 
tation am  said  to  produce  modifKjatioiis  in  strui'ttires,  this 
is  true  in  as  far  as  one  modification  of  alracture  neces^- 
rily  brinies  with  it  correlative  niodiRcations,  Uiu  gnnvth 
of  one  part  aifecting  the  growth  of  all  more  or  less ;  but 
we  must  remember  that  to  rcudov  tlie  structure  capable 
of  new  adaptations  corresponding  niudificatioiis  mtisl  have 
been  gCHOg  on.  Tbe  retail  shopkuciiers  might  nei^urely 
iMgl)  at  the  co-operative  movement  if  the  rt-spectable 
families  would  not  or  could  not  becoino  co-upcrant^ 
When  Mr.  Spencer  ni^es  that  "  not  only  may  leaf-stalks 
assume  to  a  great  degree  the  chantctcr  of  stems  when 
tbcy  have  to  discharge  tlio  functions  of  stems  by  support- 
ing many  leaves,  and  very  lar^  leaver,  Ijul  liiey  may 
iiasume  the  characters  of  leaves  when  they  have  to  under- 
take tbe  functions  of  leaves,"  1  would  ask  if  he  is  not 
revcTsiug  Uie  actual  processT  The  Htcm  cannot  assume 
tbe  functions  of  a  leaf  until  it  has  dntt  aMnmed  the  cliar- 
acter  of  a  leaf.  Tlie  assumptions  of  both  must  be  grad- 
ual, and  pari  pamt- 

93.  Tlie  hand  is  an  oigau,  its  function  is  prehension. 
Tbe  parfonnance  of  this  function  in  any  of  its  iiuniftrous 
qjpUcations  is  rigorously  linut4.'il  by  the  structure  of  the 
hand  —  tlie  bones,  muscles,  nerx'es,  circulating  and  ab- 
sorbent vessoU,  connective  tissue,  fat,  etc.  Fntiguu  tbe 
nerve,  and  the  function  will  he  feebly  performed ;  exhaust 
it,  and  the  function  ceases ;  diminish  the  action  of  the 
heart,  tie  ou  artery,  or  vitiate  the  structure  of  the  Mood, 
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and  tlie  fuuctJon  will  be  correspandingly  adected  ;  stilTen 
tbe  tcmlons,  soften  tht-  bones,  diminisli  tlio  synovial  tluid, 
or  iiioni-n-se  the  I'at  —  in  ^liort,  inak«  ant/  alteration  what- 
ever  in  tUo  structure  of  itic  lioud,  ciuU  au  aUeraliuu  is 
nece^ftrily  produced  in  ita  function.  So  rigorously  is 
function  ti<.-iwiidL-nt  upon  structure,  (lint  tliw  liatid  of  ouo 
man  wilt  execute  actioua  which  arc  iiniKissibk  to  another. 
The  hand  of  a  baby  is  said  to  lie  the  same  in  fltructure  as 
the  hand  of  a  man ;  and  sincu  the  ]K>wvrH  (t'unelions)  of 
tJie  two  are  notoriously  different,  we  might  rashly  con- 
clude that  hero  function  was  di»»ouiat«d  from  structure: 
The  case  is  illustrative-  In  baby  and  man  the  structure 
is  similar,  nut  the  same ;  the  resemblance  is  of  kind,  not 
of  degree ;  and  the  function  likewise  \'aries  with  the  de- 
gree. The  penny  cannon  which  delights  the  child  is  sim- 
ilar in  structure  to  tlie  tou-jHtunder  which  batters  down 
walls;  and  Uiough,  speaking  generally,  we  may  say  that 
tho  fimctiou  of  both  is  to  fire  gunpowder  for  Immau  ends, 
no  one  expects  the  penny  cannon  to  he  employed  in  war- 
fare. In  physiology,  a.'*  in  mechanics,  the  eflect  varies 
with  the  forces  involve*!. 

There  can  be  no  doulit  that  an  exaggerated  activity  will 
produce  a  mo<lificati"n  in  the  active  oi^n.for  this  is  only 
the  familiar  case  of  increased  growth  with  increa.sed  exer- 
cise, and  this  is  the  biological  meaning  in  which  Function 
can  be  said  not,  indeed,  to  cre/tU,  but  to  modif^i  an  oxist- 
ing  Organ.  Preceding  tlic  activity  there  must  bo  the 
agent.  Every  organ  although  having  its  special  function 
has  also  the  jn-operties  of  all  the  tissues  which  constitute 
it.  The  function  is  oidy  the  synthesis  of  these  properties 
to  which  a  dominant  tissue  gives  a  special  character. 
Tha  eye,  for  example,  though  sitecially  clmnicterized  by 
its  retinal  sensibility  to  light,  is  largely  endowed  with 
muscles,  and  its  movements  are  essential  to  ViitiDa.  Hba 
intestinal  canal,  again,  though  specially  characterized  by 
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secretiOQS  for  tlie  decnmpositioB  of  food,  ha3  muscles 
which  are  essential  to  Digestion.  In  many  Rnimals, 
ee^teciaUy  vegct«lil«-fe«iere,  there  is  an  exaggeration  of 
the  moKular  activity  in  ccrbtin  parts  of  Iho  intestinal 
canal  which  ia  only  [loesjble  through  a  coirespauding  de- 
velopment of  the  niiiscular  tissue,  ho  that  in  some  birds, 
cnislaceans,  and  molluscs  we  find  a  gizzard,  which  is 
wholly  wiltiout  a  uiucouh  mcmbmnti  to  secrete  fluids,  mid 
which  aids  Digestion  solely  by  tritiinttiun. 

94.  Mr.  Spencer,  as  I  have  already  suggested,  seems 
to  have  been  led  into  bis  view  by  not  keeping  distinctly 
preMQt  to  bis  mind  the  diflcrences  betwet;n  Propcrtie»i  of 
tissue  and  Function,  the  activity  of  an  organ.  "That 
function  takes  precedence  of  structure,"  be  snys,  "seeiiis 
implied  in  the  definition  of  Ijfe.  If  Life  consist  of  inner 
actions  so  adjusted  as  to  balance  outtT  itcliims  — if  the 
actions  are  the  su&t/amv  of  Life,  while  the  adjustment 
constitutes  its  /arm  ;  tbt-n  may  wc  not  say  that  the  ac- 
tions formed  must  come  before  that  which  forma  them  — 
that  the  continuous  change  which  is  the  ba.^ii.i  of  function 
must  come  before  the  structure  which  brings  the  function 
into  .shape  T "  The  separation  of  "actions  fonned"  from 
"tltal  which  forms  them"  is  inadmissible.  Ail  action 
cannot  come  before  the  agent :  it  is  the  agent  in  act  The 
continuous  change,  which  is  the  bu.'^is  of  Vitality,  is  a 
change  of  molecular  arrangement;  and  the  organ  which 
gives  a  special  ilirtdvm  to  the  vital  activity,  e.  g.  which 
shapes  the  property  of  Contractility  into  the  function  of 
I'n'hciision,  this  organ  must  itself  l>e  formed  before  it  can 
manifest  this  function.  It  is  tnte  that  in  one  sense  the 
oignns  are  fonned  by,  or  are  differentiated  in,  a  pre-exist- 
ent  ofganism ;  true  that  the  general  activity  of  living  sub- 
stance must  precetle  the  special  activity  of  any  organ,  as 
the  expansions  of  sttsam  uvusl  precede  any  steam-engine 
action ;  but  the  general  activity  depends  on  the  general 
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structure;  and  the  siieciul  acliona  aa  the  special  struc- 
liure«.  If  by  OiganiKatiou  we  are  to  uudentaud  not  sim- 
ply orgttoized  subsUince.  I>iit  a  more  or  less  complex 
snungunioiit  of  tliftt  .lulietance  iitto  sepainto  orgiui»,  the 
queatioD  is  taiiUinounl  tu  iukiii<r  wIil-iIut  tlm  simplest 
ikiiiniula  anil  plnnU  lutve  life  ?  And  to  aak  tJie  iiuestioii, 
whether  Life  pre^cdvs  oi;gaiiic  sul>3Uuice  1  n  tAnlaiuouut 
to  (Liking  wliether  tlie  convex  aspect  of  a  curve  precedes 
the  concave !  or  whc-Uier  the  motions  of  a  body  precede 
the  body  1  To  disengage  oursulves  fi-om  the  complicated 
suggestions  of  such  »  v/otA  as  Life,  let  us  consider  one  of 
the  vital  phenomena,  Coiitractiou.  Tliis  is  a  phcuomeuoa 
manifested  by  simple  protoplasm,  and  by  the  highly  dif- 
ferentiated form  of  protoplasm  known  as  inusclix  In  one 
sense  ib  would  bo  correct  to  say  that  Contractility  aa  a 
general  properly  of  tissue  precedes  Contraction,  which  ia 
specialized  in  muscle.  But  it  woitKl  be  absurd  to  9»y 
that  mtuailay  contraction  preceded  the  existence  of  mus- 
uUi,  and  furmcd  iL  The  contractions  of  the  protoplosia 
are  not  the  same  as  muscukr  contractions  any  move  than 
the  hand  of  u  baby  is  tlie  same  as  a  man's ;  thu  general 
property  which  both  have  fa  common  depends  on  the 
substance  bfitii  have  in  common ;  the  spw^ial  iiropcrty 
which  belongs  to  the  nmseic  depends  on  ita  special  sinic- 
lure.  An  inRnite  activity  of  the  contractile  protoplasm 
woidd  be  incomiicLent  to  form  a  muscle,  unless  it  were 
accompanied  by  that  jteculiar  cliangc  in  slvucturu  which 
constitutes  muscle.  The  teakettle  might  boil  forever 
witliout  producing  a  steam>eiigiuc  or  the  actions  of  a 
steam-engine.  Thai  which  is  true  of  one  function  is  true 
of  all  functions,  and  true  of  Life,  which  is  the  sum  of 
vital  activities. 

95.  It  is  this  haziness  which  made  Agassis  "regret  to 
observe  Unit  it  ha-t  alunMt  liuconie  an  axiom  tliat  iden* 
tical  functions  presuppose  identical  otgaus.     There  never 
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was  a  more  incorrect  principle  teBdiii<;  to  more  iujuiioofl 
coiis»itieiioe9."  *  And  elsewliere  lie  aigaes  that  diyons 
can  exi^l  witliout  riiiicliori--<.  liiit  ttila  is  obviously  to 
perreit  the  fundameiiial  lile»  ol'  an  organ.  "  The  toetb 
of  th«  wbalo  which  u«v«r  eat  through  tliv  gums,  and,  the 
breasts  of  the  malea  of  all  classes  ot  toamuialia,"  are  cited 
bj  him  as  oxaiuplea  of  such  orgaii-s  witliout  fuiietioiis; 
but  in  the  phj-siolo^cal  si^ficanw  of  the  term  these  are 
not  organs  at  alL  It  is  no  more  to  he  oxpecttMl  that  llu; 
bifittstK  of  tliu  male  should  act  in  luctatiDti,  than  that  the 
slackened  atnng  of  a  violin  should  yield  musit^l  touu ; 
but  Ibc  brmsts  of  the  male  may  bo  easily  stimulated  into 
yielding  milk,  and  the  slackened  string  of  tJie  violin  may 
be  ^ht«n«d  so  as  to  yield  ton*.  Even  the  bK-Ji^tv  of  the 
femate  do  not  yii>ld  milk  except  und«r  certain  conditions, 
and  in  the  absence  of  tliese  ar«  on  a  par  with  those  of  the 
ntale. 

96.  Organized  substance  has  tho  <^QenLl  properties  of 
Assimilation,  Kvohition,  Seiisihility,  niul  Coiitniotility ; 
each  of  the  special  tissues  into  whicji  organized  suhstanoe 
is  diffcrcntiat^l  mnniftstx  a  predominance  of  one  of  these 
properties.  Thus  although  the  enibrj'o-cells  all  manifest 
oontnctility,  it  U  (mly  tho  specialized  musclc-ccll  whieb 
continues  throughout  its  existence  to  manifest  this  prop- 
erty, and  in  a  dominniit  form  ;  tho  muscIe-ceU  also  assim- 
ilates and  develops,  hut  besides  hanii-;  these  properties  in 
common  with  all  other  celU,  it  hiut  the  special  property 
of  eontnwtinj'  with  an  en«r^  not  found  in  the  othcn. 
AU  cells  respire ;  but  the  blood-cell-i  have  this  property 
of  absorbing  ox  Vf'ci)  to  a  de{^-e  so  far  surpa.'sing  that  of 
any  other  cell  that  phj-siologiata  have  been  led  to  speak 
of  their  oonfainin;,'  a  ["■fuliar  iwiiiinilory  substance.  In 
like  manner  all.  or  nearly  all,  the  tissues  contain  mydim 
—  which  indeed  is  one  of  the  cliief  constituents  of  the 


*  AOAssli,  JSfiay  on  CliiMificatim,  p.  91. 
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yolk  of  eggH  —  but  only  in  tlie  white  Hheath  of  the  nerv-e« 
is  it  di;tachcd  imd  spoclalizdd  a«  a  Ussuc. 

97.  liul  whilo  SeDBibiliiy  and  CgntxactJlity  are  general 
pTopcrticn  o(  orgnnixeil  ttubatance,  specialized  in  epecial 
tiS8U<se,  Suntiutiuu  und  Curitiuctiou  am  functions  of  Uie 
org^in  formed  by  such  tissues  ;  nnd  tlieso  orgnn.4  arc  only 
found  in  ciuimal  orguiisms.  It  is  a  serioua  error,  whidt 
w<!  aliall  iicTOiklter  have  to  insist  on,  to  supjiosc  that  Sen- 
Hutiuii  cim  lio  the  jiroperly  of  ganglionic  cells,  or.  as  it  is 
uioro  olteii  stated,  the  property  of  the  central  gray  matter. 
Scnsittion  in  the  function  of  tliu  orguni^m ;  it  vuries  with 
the  varying  oigan  ;  tbe  sonsation  of  Toucli  not  being  the 
mme  M  the  sensation  of  Sight,  or  of  Sound. 

98,  Wo  may  L-onaid<>r  the  otganism  under  two  aspects 
—  th«t  of  Structure  and  that  of  Function.  Thu  latter 
has  two  broad  divisions  corresponding  with  the  vegetal 
and  animal  live.*) ;  th«  ouo  is  Nutrient,  the  other  Efficient. 
The  ona  prepares  and  distnbuteii  Food,  the  other  distrib- 
utes Motiou.  Of  course  this  scimnitiuu  Is  analytical  In 
reality  the  two  are  iutcrbtended ;  and  although  the  ncum- 
muacular  systtni  is  dcvelo|>ed  out  of  the  nutritive  sj'stom, 
it  ii  DO  sooner  developed  than  it  plays  ita  part  as  Inslrn* 
ment  in  the  prrpomtion  and  distribution  of  Aliineut. 

Tlitt  uot  being  a  treatise  on  rhysiolog}-.  there  can  be  no 
Deoesaity  foronrh^ne  considering  llw  properties  and  fuac- 
tiona  in  detail.  Wlmt  is  necessary  to  be  eaU  on  Senai- 
bitity  nnd  Contractility  will  liml  iU>  place  in  the  DOan« 
oT  fatui«  chapten ;  for  the  present  we  will  conline  onr- 
•ahraa  to  Evolntion  o&  aocoant  of  its  psychok^cal,  bo 
kaa  than  its  i<hy8iok)gKal,  istemBt 
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99.  That  organized  substance  haa  the  property  of 
nourishing  itAclf  by  aiiainiilating  from  its  internal  me- 
dium substances  then;  prvsi-iit  in  un  unorgiinizud  state, 
and  tliat  tUia  ia  followed  by  a  development  or  diflercntia- 
lion  of  slnicttirv,  is  familiar  to  cvciy  iuqtiinir. 

Every  one  who  has  pursued  embryological  researches, 
and  in  a  lusscr  dcgiuc  every  one  w)io  hus  mcicly  k&A 
about  them,  rauat  have  been  impressed  by  this  marvel  of 
inan'els :  au  exwcdingly  ininutc  portion  of  living  matter. 
HO  simple  in  aspect  that  a  line  will  deflne  it,  pusses  by 
WKCMsive  moditicalious  into  an  orgitiusm  so  eonipli'-T  tliat 
atreatiae  is  needed  to  describe  it;  not  only  do  the  cells 
in  which  tiie  ovum  ami  Uie  spermatozoon  originate,  pass 
iuto  a  complex  organism,  rcproduciiii>  the  forms  and  fea- 
tures of  the  parenu,  and  with  these  the  constitutional 
peculinrilies  of  tho  parents  (their  longevity,  tlicir  diseases, 
their  mental  dispositions,  nay,  their  very  tricics  and  hab- 
its), but  tlicy  may  n-pruduce  the  i'unu  aud  features,  the 
dispositions  and  diseases,  of  a  grandfather  or  great-grand^ 
rather,  which  Jiad  lain  donnttnt  in  the  father  or  mother. 
Consider  for  au  instant  what  this  impliea  A  microscopic 
c«ll  of  allmminous  compounds,  wholly  without  tmce  of 
orguta,  not  appreciably  distinguishable  from  millions  of 
other  cells,  does  nevenlieless  contain  within  it  tlie  "  pos- 
sibilities "  of  an  organism  so  complex  and  so  special  as 
tliat  of  a  Xewton  or  a  Xapoleon.     If  ever  there  \ras  a  esse 
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when  tlio  famous  Aristotelian  notion  of  a  'potential 
existence"  seeraetl  justified,  aasnredly  it  is  tliis.  And 
ulthuugli  ne  uiii  only  by  a  fallacy  uiniiitiiiti  ttic  oak  to  be 
contained  in  the  acorn,  or  tho  animal  contained  in  tlic 
ovum,  the  fulhcy  i»  so  luiturul,  and  indeed  bo  difficult  of 
escape,  thai  there  is  no  ground  tbr  surprise  when  physi- 
ologists, on  tnl  learning  rioiuething  of  developmuut.  wcra 
found  main  tain  iug  that  the  perfect  oi^r^ism  existed 
already  in  the  ovum,  having  all  its  lineaments  in  iniiita- 
tun>,  and  only  growing  into  vioiblv  diniensious  through 
the  successive  st^es  of  evolution.*  The  prafAnuation 
of  the  orf^inisni  seenecl  an  inevituble  deduction  from  the 
opinions  once  universal.  It  led  to  many  strange,  oikI 
some  absurd  conclusions ;  among  them,  to  tlie  nssertjou 
tliat  the  original  germ  of  eveiy  species  contained  wtthiit 
it  all  the  couutlcijs  individuals  which  in  process  of  time 
might  issue  from  it ;  and  tliis  in  no  metaphysical  "  poten- 
tial "  guise,  hut  AH  actual  lK>x«d-up  exi.«lenoa«  (etiiiott4t) ; 
so  that  Adam  and  Eve  were  in  the  most  literal  sense  pro- 
genitors of  the  whole  human  race,  anil  contained  their 
progeny  already  shaped  within  them,  awaiting  the  great 
ftCCOuch(>ur,  time. 

100.  'riiis  was  the  celebrated  "  embfiltement "  theory. 
In  spite  of  ohviou»  objections  it  gained  scientific  occepi- 
■ace.  because  physiologists  could  not  bring  themselvee  to 
believe  tliat  so  marvellous  a  structure  ttx  that  of  a  human 
organism  arose  by  a  series  of  successive  modifications,  or 
because  they  could  not  comprehend  hnw  it  was  built  np, 
part  by  part,  into  fonns  so  closely  rescmWing  the  parent- 
forms.  Tliat  many  and  plausible  reasons  pleaded  in  favor 
of  tlii«  "iiiTiioii  is  evident  in  the  fad.  that  illtislrious  nton 
like  HiiIUt,  Bonnet,  Vallisneri,  Swammerdamm,  Kt-aumur, 
and  Cuvier,  were  its  advocates ;  and  if  there  is  not  a  sin- 

*  "Nulla  in  corpon  •ninuli  pan  antn  ulinni  fact*  Mt,  ot  nmnuumul 
CKRtK  criiitiint."—  Halleh,  Etrmtnla  I%jtiia!ojia,  VTll.  1*9. 
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gle  physiologist  of  our  day  who  accepts  itv  or  who  fmds 
any  jM-culiar  difliiTiiity  in  fullowing  th«  demonstrations  of 
embrj'olu^isLs,  how  {tarn  t)ie  common  8tarliii<{-paiut  of  s 
self- multiplying  epithelial  cell  p^ita  bo  divert;  us  Itaira, 
nitiU,  lioofs,  ttcolcs,  fwttiitn,  cryMAlliui;  lutis,  and  secreting 
glands  may  be  evolved,  or  how  from  the  honioj^cnvouB 
geituinal  membrane  Uie  complex  organism  will  Britie,  there 
arc  vLiy  fuw  umuiig  iho  sconicrs  of  the  dead  hypotlieiuft 
vho  aeem  capable  of  generalizing  tlio  priiiciplus  which 
have  deatcoyed  tt,  or  aun  oonovivo  tJiat  the  taws  of  Kro> 
lution  apply  as  rigorooaly  to  the  animal  and  vegetable 
kingdom*  as  to  the  individtial  ar^niams.  The  illuEtrioua 
names  of  lliosc  wliu  advocated  tlit:  prefortnatiuii  hypothe- 
tOM  may  serve  to  chG<:k  our  sc-rvilc  submission  to  Uio 
aatborities  so  loudly  proclaimed  as  advocates  of  the  fixity 
of  species.  The  luoii;  bccauMu  the  two  doctrine!)  have  a 
common  pareulagc.  The  one  falls  with  the  other,  and  no 
aimy  of  authorities  can  am^t  the  full.  That  tliu  mani- 
fold <li  Here  notations  noticeable  in  a  complex  orgnnism 
should  Iiave  been  evolved  from  a  nicmbrttnu  wholly  des- 
tituUi  of  dilTcrcuces  is  a  marvel,  but  a  nianel  which  Sci- 
ence has  made  intelhsible.  Yd  tbo  mujiirity  of  those  to 
wlwni  Uiis  has  bcc-u  niarle  intelligible  still  find  ou  im]>os- 
«ibility  in  admitting  that  the  manifold  forms  of  plant  and 
animal  were  successively  evolved  from  equally  simple 
oripna.  They  relinquish  the  hypothesis  of  preformation 
in  the  one  case,  and  cling  to  it  in  the  other.  Evolution, 
demonstrable  in  the  individual  history,  seems  pre[jo9- 
terous  in  the  history  of  the  class.  And  thus  is  pn>- 
tented  tlio  instnictive  spectacle  of  philosophers  laughing 
at  the  ahaurdities  of  "  prefonnation,"  and  yet  exerting  all 
their  logic  and  rhetoric  in  defence  of  "cri-alive  fiata" 
—  which  is  simply  the  preformation  hypothesis  "writ 
la^e" 

101.   It  would  noi  be  difbcult  to  show  that  the  doc- 
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trine  of  Epig«nesia,  with  whicli  Wolff  forevet  (lt.<tplnced 
thf?  doctrino  of  Prcfoniiatioii.  leada  by  an  inoviublc  Itigic 
to  the  doctrine  of  uiiivereal  Kvolution ;  and  that  we  can 
no  more  undorstuud  tl}0  nppoarniice  of  a  Dew  orgnnistn 
whioh  is  not  tlie  moditication  of  some  alreiidy  existing 
oij^ism,  than  wu  cuii  iiiKk-n)l»iid  tho  sudden  appearance 
of  a  neur  oigan  which  is  not  the  modificatiuu  of  soiuo 
existing  structtire.  In  the  one  cuse  as  in  the  other  we 
may  di.tgni.tti  thv.  pn^ceAs  under  such  terms  aa  creatire 
fiat  aud  prcfortnation ;  but  these  terms  are  uo  oxpUina- 
tioiis  ;  tJivy  re-state  the  results,  tbcy  do  not  describe  the 
process ;  whereas  £pig«iie«>s  describes  ttie  prooess  as  it 
passes  under  the  eye  of  science. 

102.  If  any  reader  of  these  pages  who,  from  theo- 
logical or  zoblo^ictil  suspicion  of  the  Pevelopiuciit  Hy- 
pothesis, clings  to  the  hypothesis  of  a  creative  I'Jan  whicli 
once  for  all  arranged  thf;  organic  world  iu  Types  ttiat 
could  not  vhnngi-.  will  ask  what  rational  inlci-pretatioa 
can  be  given  to  tiie  succession  of  phases  each  embryo  is 
forced  to  pass  through,  it  niuy  help  to  give  him  pause. 
He  will  observe  tliat  noM  of  these  phases  have  any  ntlap- 
tation  to  the  future  state  of  the  uuimal,  but  are  in  positive 
contradiction  to  it,  or  are  simply  purposele** ;  whereas 
all  show  stumi^td  on  them  tlic  unmistakable  characlent 
of  ancestral  ndaptations  and  the  prdgressions  of  Oi^ganic 
Evolution.  What  does  the  fact  imply  '.  There  is  not  a 
single  known  example  of  a  complex  orj^inisni  which  is 
not  developed  out  of  simpler  forma.  Before  it  can  attain 
the  cont]ilcx  struciure  which  disUngtiishes  it,  there  must 
bo  an  evolution  of  forms  similar  to  (Jioso  whicli  dintin- 
guiah  the  structiirea  of  organisms  lower  in  the  series. 
On  tho  hypothesis  of  a  I'lan  which  preammged  chc  or- 
gutic  world,  nothing  could  be  more  imworthy  of  a  sa- 
preme  intelligence  than  this  inability  to  construct  an 
oigtuusm  at  once,  without  previously  making  scveial 
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tentaUve  eflTorls,  uiuluiii-;  ti>-<luy  what  was  eo  carefalljr 
(Wne  yesterday,  aud  rtptating  /or  tenturitit  Ike  tame  Un- 
lativet,  and  Ike  tarn*  wrrtHiomx,  in  tJu  same  stiKosum, 
Dn  not  kt  us  blink  this  consideration.  Tlieie  is  a  tm- 
ditional  phrase  much  iit  vugiie  iimi>n^  tli«  aiithroimmor- 
{tliiftts,  which  un»ii  naturally  cuougli  from  the  tendoDcy 
to  take  human  methods  as  an  explaimiiou  of  thv  divine 
—  a  phnse  which  becoinvs  n  sort  of  argument  —  "The 
Groat  Archit«cL"  Bu;  if  we  are  to  admit  the  human 
p<MDt  of  view,  a  glanw  at  thv  facts  of  embryology  must 
pToduco  vury  tnicoiufurtabk  reUections.  For  what  should 
we  aay  to  an  architect  who  was  unable,  or  buiug  ublu  was 
obetiintely  iinwilUn;!:,  to  erect  a  palace  except  by  fitst 
using  kis  tnateriiib  in  the  shape  of  a  hiit,  then  pulling  it 
iiovm  and  rebuilding;  tiieni  as  u  coLttige,  tlivu  ad<lin^  story 
to  story  and  room  to  room,  twl  with  any  reference  to  tlie 
ultuiuUe  puiposcs  of  the  palacM,  but  wholly  with  rofcrence 
to  tbe  way  in  which  Itouses  were  constructed  in  ancient 
limes  t  What  slioulJ  wo  say  to  Ike  urcliit«ct  who  could 
not  fonu  A  muMniu  nut  of  bricks  and  mortar,  but  was 
forced  to  begin  as  if  goinj^  to  build  a  mansion :  and  after 
prooeediog  some  way  in  tliis  direction,  altered  his  plan 
into  a  palace,  ami  that  sgnin  into  a  museum  ?  Yet  this 
is  the  sort  of  succession  ou  which  or^tiiisms  are  con- 
stiucted.  The  fact  has  long  Iteen  familiar;  how  has  it 
been  teconciled  with  Infinite  Wisdom  i  I-et  the  follow- 
ing passBfw  answer  for  a  thousand :  —  "  The  embryo  is 
nothing  like  the  miniature  of  the  adult  For  a  long 
while  tlio  body  in  its  entirety  and  its  details  presenta 
the  strangest  of  apectaclea  Oay  by  day  and  hour  by 
l»our  the  aspect  of  the  scene  chaiisi**,  and  this  in<itAbiIity 
is  exhibited  by  tlie  most  i>sscntial  parts  no  less  I  bun  by 
the  accessory  parts.  One  would  say  that  Nature  feels  her 
way,  and  only  reaches  the  goal  after  muny  times  missing 
the  path,  —  on  dirait  que  ta  nature  tAtonne  et  ne  conduit 
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son  cEuvrei  bon  fin  qu*apr&s  s'^tra  souvcnt  (romp^e."* 
Wril«t9  have  no  cninpiiiiotion  in  apeakJng  of  Nature  fee- 
ing her  way  niid  MiiniWrin<r :  1ml  if  in  lii-u  of  Xature, 
which  may  mtau  anylliini;.  the  tinrut  Architect  be  snb- 
ittitiiMd,  it  in  i>ri>t>alile  that  the  repugiiouoc  to  osing  sucJi 
language  of  fva*ioii  luiiy  OAiise  Hion  to  rense  their  con- 
ceptions alttigetiier ;  tlity  dare  not  attribute  if^noraiMC 
and  inct>inpct4»iofi  to  the  Creator. 

103.  Ohviouely  the  architectural  h^iKithesis  if  incom- 
petent to  explain  tl»e  phennnieiis  of  oTganic  dcvolopinent. 
Evolution  is  tlie  universal  process;  not  owntion  of  ft 
direct  kind.  Von  Iteer.  who  very  proi)crly  corrected  the 
exaggenitions  which  hud  l)eon  put  forth  re.<t]>ccting  the 
identity  of  the  embrjonic  fomis  with  adnit  forms  lower 
in  the  scale,  who  tdiowcd  that  tlie  niauimalian  emhryo 
never  wa«  &  bird,  a  reptile,  or  a  fish,  nevertheless  cmphii- 
siitcd  the  fact  that  the  mammalian  embryo  jiassea  through 
all  the  lower  typical  forms ;  bo  much  so  tlmty  except  hy 
tieir  size,  it  is  inipossiljlo  to  distinguish  tlie  embryoa  cf 
mammal,  bird,  lizard,  or  snaka  "  In  my  collection,"  be 
says,  "  there  are  two  Utile  embiyos  which  1  have  omitted 
to  label,  so  that  I  am  now  qnite  incompetent  to  my  to 
what  class  tlicy  belong.  They  may  be  1i7:ards.  they  may 
be  Bmall  binU,  or  very  young  mammals ;  so  complete  \a 
the  Bimilarity  in  the  mode  of  formation  of  the  Iwiad  and 
tmnV.  Tlie  extremities  Iiave  not  yet  made  their  appear- 
aijct'-  But  even  if  they  existed  in  the  earliest  stage  we 
should  leani  nothing  from  them,  for  the  feet  of  liards, 
mantmaln,  and  the  wings  of  birds,  all  arise  from  the  same 
common  form,"  He  smna  iip  with  his  formula :  "  ITw 
special  type  is  always  evolved  from  a  more  genenl 
typc,"t 

•  QuatkBPAOES,  iittamoryhnKS  cU  I'lIimniK  tt  Ot*  AntmatlX,  \Wl, 
p.  43. 
1>  Ytm  nAKft,  Vtbtr  BnturlckelunffigetehitAu,  ISSS.  1.  921. 
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Such  reminUcences  of  fjirtipr  forms  are  intclligibk  on 
the  supjwsitioD  that  otiginnlly  Uie  later  form  was  a  modi- 
fieation  of  the  eariier  form,  and  that  thtjf  niixlirKutttoii  is 
repeated ;'  or  uti  the  ituppo^ition  that  thore  was  a  itiinilar- 
ity  in  the  ar^nic  conditions,  which  similnrity  ceased  at 
the  pcjint  wlMfre  tite  new  form  eiDCi^cd,  Hut  on  no  hy- 
potheflia  of  creative  Plan  are  they  intelligible.  Tliry  are 
useless  structures,  fniling  even  to  Kiihseriu  a  tcinpomry 
purpose.  Sometimes,  as  Mr.  Darwin  remarks,  a  trace  of 
tlie  embryonic  rcsemhlanoe  lasts  till  a  Iftt<^  ajje:  "Tlius 
birds  of  the  same  genua,  and  of  closely  allied  genera, 
often  rosomhle  each  other  in  their  tir^t  and  second  plum- 
age: as  K>'o  sec  in  tliv  spotted  feathers  in  the  thrush 
gronp.  In  the  cat  tribe  most  of  the  npecies  arc  striped 
and  spotted  in  linc^ ;  and  stripes  or  spots  can  plainly  be 
dialiDgulshed  in  the  whelp  of  the  lion  an<l  the  piima. 
Wtf  occasionally,  tliongb  rarely,  see  something  of  this 
kind  in  plants  ....  The  points  of  stmotiirc  in  which 
the  Ambryos  of  widely  diHerent  animals  of  tlie  same  clas.') 
reaomble  each  other  often  have  no  direct  relation  to  Ihuir 
conditions  of  existence.  Vi'c  cjinnot',  for  inalanco,  anppoae 
that  in  the  embryos  of  Uie  vertobrata  the  peculiar  loop- 
Ulce  courts  of  tlio  arteries  ni-ar  the  bronchial  slits  are  re- 
lated to  similar  oondiuooB  in  the  young  mammal  whicli 
is  nouri.tbed  in  the  womb  of  its  mother,  in  the  egg  of  a 
bird  which  is  batched  in  a  neat,  and  in  the  epawn  of  a 
bog  under  water." 

IM.  Tl  would  be  easy  to  multiply  examples,  but  I 
wiB  content  myself  with  three.  The  tadfwlc  of  tlic  Siila- 
mander  Ims  gills,  and  passes  his  existence  in  the  water; 
but  the  SalatKaiuira  atra,  which  livi-s  high  up  amniif;  the 
mountains,  brings  forth  its  young  full-formed.  This  ani- 
tnal  never  lives  in  the  water.  Yet  if  we  ojHin  a  gravid 
female,  we  find  tadpoles  inside  her  with  exquisitely  feath- 
ered gills,  and  (as  I  have  witnessed)  these  tadpoles  "  when 
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from  tlie  mother's  womb  antimety  ri[^>ed,"  if  placed  in 
urater,  swim  about  like  Uie  tadpoU-s  of  vsu>r  newu.  Ob- 
vtoosly  this  aquatic  or^tiattion  lias  no  nfcrcDoe  to  the 
future  life  of  the  uiimal,  dot  has  it  any  adaptotioii  to  its 
embryonic  condition ;  it  has  solely  refcreuco  to  ancestral 
formS)  it  repeats  a  phase  in  the  devel<^ment  of  ita  pro- 
genitors. Again,  in  the  erobTjo  of  the  iwlced  Nudibmncti, 
we  always  o1»er%'e  a  shell,  although  the  aiiimal  is  withont 
a  eh«ll.  aud  there  can  be  no  puipose  served  by  the  shell 
in  embrj'onic  life*  Finally,  the  human  embryo  has  a 
tail,  which  is  of  course  utterly  puiposeless,  aitd  which, 
olthou};)!  to  be  explained  as  a  result  of  oi^nic  taws,  is 
on  the  creatii'e  liypothf^sis  only  explained  as  an  ad- 
herence to  tiie  general  plan  of  structure  —  a  specimen 
of  peda:itic  triQiog  "  worthy  of  no  intellect  above  the 
pongo's."  t 

105.  Humanly  appreciated,  not  only  is  it  difhciilt  to 
Justify  tlio  successive  stages  of  develupua-ut,  the  inces- 
sant building  up  of  structures  immediately  to  be  taken 
down,  but.  also  to  explain  why  development  V9»  necessary 

*  Caiiouslj'  pnoiigli,  wliilo  Ihr  Nudilintnclj,  whicli  U  rlihont  a  AM, 
JuamMM* am  iiuing  lU  rmbryonir  lift-,  llir^m  iitinnlIirrino1lu*c,  XtrMMi 
JIavtaHtit,  which  poMRHing  a  thrll  hi  It*  i<ubipc|iiriit  tiro  ji  without  one 
during  th«  oarty  pFiiod^  «»■!  ijjoanling  to  ('LArAUbiiK  hrgiiii  sti  tnda- 
imideiit  rxutcncv,  capable  of  FrtHJiug  ilwir  \>rtoTr  it  *c<|uirM  ana.  Sm 
hi*  Bdmlrablt  momnlr  tin  the  Xtritina,  in  MAlItt'i  Jrdiir,  ISSJ. 

t  Hm  Miy  Bilvornir  of  Ihc  byjiothnui  that  anitnnU  ncrf  creaWil  m  «• 
HM  tliem  now,  fully  tunui'il  iiii'l  woTiiIrauily  ■daplfl  in  nil  thrir  pattit  to 
thK  cnn'lllion*  In  vrliloti  ihoy  llrr,  i-vrr  fnTi«i(lvn>il  Ilir  himl  Irgt  of  the 
Mcol,  vhlch  hn  mty  havo  n-atrhcd  in  Ihn  ZoiAai^e*]  Ganirni  I  Here  ii  an 
animal  whirh  halntiinlly  m  ima  like  a  fiili,  and  cannot  mr  bin  bind  thnb* 
PXrcjil  HI  n  milJir  to  prnyii'l  him  (lito'iKb  llip  n-nli^  ;  bill  ilHloiil  of  hav- 
ing H  Okh-llki'  lull  III-  hiiA  two  Ific^  llutli^ncil  tniJEi'tUiir.  ami  nnili  on  the 
to»  —  tort  nail  naiU  bciBB  obviom  mijiCTfluiiiMi.  Ko*  vhich  U  tii» 
motr  nitioual  inlpriicrlation.  that  tbcK  Ijmba,  in  ipito  of  tlivir  aon- 
ndaptallon,  »i-m  rrlaiiipil  in  rl([iil  aAlhsrrnci"  to  a  Itin,  or  that  the  llmhl 
vm  inherltnl  from  an  ancrator  vbo  uu-il  tliinn  ■»  I'lr'.  ami  that  tli««c 
\\.'ga  iuiVr  giadually  become  modiflcd  by  the  flah-like  habiti  of  the  *esl  I 
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Bt  alL  'Why  arc  doc  jjlauU  and  aniniala  formed  at  onc^ 
aa  Evfi  was  tDyttiically  affirmed  to  be  ttikcii  from  Adam's 
Hb,  aiid  Minerva  frDni  Jupiter's  liead  1  The  tlieury  of 
Evolution  aDfiwors  this  quralion  very  simply ;  tlic  ibcoty 
of  Creiition  can  only  answer  it  by  aflirming  tliat  siicli  wnH 
the  orduiui-d  ])laii.  But  tbc  theory  of  Evolution  not  only 
gives  the  simpler  and  more  intelligible  answer  to  thij 
quwtioo,  it  gives  an  aoswcr  lo  the  further  question  which 
leaves  tlie  theory  of  Croation  no  loophole  except  a  EOph- 
iun  —  namely,  why  the  formation  of  organisms  is  con- 
stantly being  frustrated  or  pen-erted  ?  And,  furtliLT.  it 
gives  an  explanation  of  tho  law  noticed  by  Milne  Ed> 
wards,  that  Xature  is  as  economical  in  her  means  as  she 
is  [Mtodigal  in  her  variation  of  thorn  :  "  On  dirait  qu'avant 
do  rccourir  u  <ivs  ressources  nouvelles  idle  a  vouhi  tpui^r, 
en  quelque  Boile,  cliacun  dcs  prooi^cles  quelle  avail  mis 
en  jeu."*  The  applause  bestowed  on  Nature  for  being 
economioal  i.s  a  curious  transference  to  Nature  of  Imman 
nccessitivK.  Why,  with  a  whole  universe  at  her  disjiosa], 
shonkl  Xature  be  economical  i  Why  must  she  alwu^'s  be 
working  in  tho  same  groove,  and  using  but  a  few  out  of 
the  many  sulistances  at  her  command  ?  Kcoiiotny  i»  a 
virtue  only  in  the  poor.  If  Nature,  in  oi^nic  evululions, 
is  restricted  to  a  very  few  subslaiiccs,  and  a  very  few 
modes  of  combination,  always  creating  nqw  forms  bj 
modification  of  the  old,  and  apparently  incapable  of  creat- 
ing an  organi;3m  at  once,  this  must  imply  bu  inhcront 
neoMSity  which  is  ver)-  unlike  the  free  choice  that  can 
render  economy  a  merits 

1(M>.  There  may  indeed  be  raiserl  an  objection  to  the 
Development  Hypothesis  on  the  ground  that  if  the  com- 
plex foriOH  nere  all  developed  from  the  simpler  forms,  wc 
ought  to  trace  tho  identities  through  all  their  stages.  If 
the  fish  developed  into  tho  reptile,  the  reptile  into  the 


*  litUCB  EDWAKDa,  Intro,  d  la  Zoolo^  OintraU,  ISGI,  p,  0. 
YOl.  lit.  G  a 
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[linl.aml  th«  bird  into  Uie  manuiwl  (which  I,  for  one. 
think  ({iiL'stionaltlB),  wc  ought  to  liiui.  it  tx  itrp^l.  ovideuoe 
of  thii)  passage.  And  at  one  time  it  ivas  asserted  tltat  cbe 
evitlence  exist4Ml;  but  this  Itas  been  dijqiruvflil,  and  on 
the  disproof  the  oppoa«iita  of  Evolution  take  their  atand. 
Although  I  cannot  fcfti  much  conftdence  in  the  idea  of 
such  a  passage  from  Tjrpe  to  Type,  and  although  the  paiK 
sage,  if  t'ver  It  nucurred,  mii^t  have  occurred  at  ho  remote 
a  period  as  to  leave  no  cviclL>Dce  more  positive  ihuii  infer- 
ence, I  cannot  but  think  the  teachii^  of  Embryology  far 
more  favorable  to  it  than  to  our  opponents.  Su|>iNX'<tii^,  for 
the  sake  of  argument,  that  tite  passage  did  take  place, 
ought  ve  to  find  the  embrj-onic  sta^  accurately  repro* 
dncing  the  permanent  forms  of  lower  types  >  Voo  Baer 
thinks  We  ought ;  and  lexser  men  may  follow  him  without 
reproach.  But  it  seems  to  me  that  he  starts  from  as 
inadmissible  assumplioii,  tiamtly.  iLat  the  duvelopniout 
must  necessanly  be  in  a  straight  line  rather  tluin  in  a 
multiplicity  of  divvigcut  lines.  "  When  we  find  the  em- 
bryonic condition,"  lie  says,  "  differing  from  the  adult,  we 
ought  to  find  u  corresponding  condition  eomewht-rc  in  the 
lower  animals."  •  Not  necessarily.  We  know  that  tlte 
ment«l  development  of  a  civilized  man  pa»s«s  through 
the  stages  wliic-h  the  race  passed  through  in  the  course  of 
its  long  history,  and  the  psycliology  of  tliti  child  repro* 
duces  the  psychology  of  the  savage.  But  as  this  develop- 
ment takes  place  under  conditions  in  many  respects  dif- 
ferent, and  aa  certain  phases  are  hurried  over,  we  do  not 
expect  to  find  ii  complete  parallel  It  is  enough  if  we 
can  trace  general  re.semblanco.'*.  Von  Baer  adds,  "That 
certain  correspondences  should  occur  between  the  embiy- 
onic  states  of  some  animaht  and  the  adult  states  of  others 
aeenis  inevitabh:  and  of  no  significance  (I).  They  could 
not  fail,  since  the  embryos  lie  within  the  animal  sphere, 

•  VoM  fijin,  i<r>.  cil.,  I.  S03. 
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and  tbfi  voruilions  of  wkicb  the  animnl  body  is  capable 
are  delermioed  for  each  type  by  thu  inlornal  coiiiiection 
luul  uiuiuul  reaction  of  iu  oisai>!i,ao  lliai  particukr  repe- 
titions are  inevitable."  A  profuuml  remiirk,  tu  wliiuii  I 
.sliall  hereafter  bave  occasion  to  return,  but  its  bearing  on 
tbv  present  <iu<:»t4oii  i»  incouclusivc.  The  I'iU'L  tliat  thu 
embryODlc  stages  of  the  higber  animsU  resuoiblo  iy  gen- 
end  cfaaniclurs  tJiu  pernuiutiiit  .ttagea  of  the  lower  animals, 
and  nry  closely  resemble  tbe  eiubryotiic  »la<;<^'»  uf  llioao 
animals,  is  all  thai  tlio  Development  tiypothesis  requiraa. 
Nor  is  its  valuv  leamtnod  by  tlio  fact  that  many  of  tiio 
ileCails  and  intennediate  stages  seem  passed  over  iu  tho 
developmont  of  the  lugliar  forms,  for  tbe  recapitulatjoa 
can  only  be  of  outlined,  not  of  details ;  sinvc  tlitrQ  aiu 
diffcrcucus  iu  tbu  foiuis,  there  muat  be  diirerenoea  in 
their  biatoriesL 

107.  In  tlie  precedin;*  observations  the  object  tios  sim- 
ply been  to  show  llial  tiio  phenomena  to  be  explained  can 
be  rationally  conceived  as  resulting  from  gnuliial  Evolu- 
tion, wheicaa  they  cannot  k-  »o  rationally  interpreted  on 
any  otiier  liypotlivt^is.  And  here  it  may  be  needful  tu  suy 
R  word  respecting  Epifjenesis- 

Tho  Prcfornintion  bypotlicsis,  which  regarded  every 
organism  as  a  simple  educt  and  not  the  product  of  n  gunn, 
woa  cnUed  by  it^  advoiate-t  an  evolution  hypothesis  — 
meaning  that  the  adult  form  wns  an  oulgrowth  of  the 
germ,  the  miniature  magnilied.  Wolff,  who  replaced  that 
conception  by  a  truer  one,  called  his,  by  coutnu«t^  Epigo- 
neei^  meaning  tliat  there  was  not  simply  auf-growth  but 
1UW  growtJi.  "  The  various  parts,"  he  says,  "  arise  one 
a/ter  the  otber.so  that  always  one  is  socrcted  from  (eiKer* 
nirt),  or  deposited  {depcmirt)  on  tbe  other ;  and  then  it  is 
«ither  n  free  and  independent  pnrt.  or  is  only  fixed  to  that 
wbicb  gave  it  exist(>nce,  or  else  is  contained  within  it 
So  that  ever;/  part  is  tlu  *ffe£i  0/  a  pre-exiititig  part,  and  in 
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lum  the  cause  of  a  meeteding  part"*  The  last  sentence 
expresses  the  conception  of  Kpigeneais  whick  embiyolo- 
gi«tA  now  adopt ;  und  having  satcl  llii»,  we  may  udmit  that 
Wold',  in  combatin>^  the  error  of  prefoniiatiou,  replacing 
it  wttli  the  Iruur  notion  of  giudttal  aiul  successive  forma- 
tion, WM  occnsionally  open  to  the  criticism  made  by  Von 
Baer,  (hat  lie  inisaed  tliu  true  sense  of  Evolution,  since 
the  new  pcirt^  arc  not  rtddtd  on  to  the  old  parts  us  new 
formationii,  but  ciroliv-l  from  Ltiem  as  Unnsformationa 
"The  word  Evolution,  therefore,  seems  to  me  luoro  de- 
scriptive of  the  process  than  Epi^nenia.  It  is  tnie  that 
Uie  orjptnisni  is  not  prcfonned,  but  the  courec  of  its  devel- 
opment is  pTCciaely  the  course  which  its  parents  fomierly 
passed  through.  Thus  it  is  the  Invisible —  the  course  of 
development  —  which  is  predetermined." f  When  the 
word  Epigenesis  is  used,  therefore,  the  reader  will  nndc^ 
staiid  it  to  signify  that  necessary  succession  which  deter- 
nines  the  existence  of  new  forms,  Just  as  the  formation  o( 
chalk  is  not  the  indilfercnt  product  of  any  combination  of 
its  clemenis,  carbon,  oxygi-n,  and  culi-iiiin,  but  is  the  product 
of  only  one  aeries  of  combinations,  an  evolution  through 
necessary  successions,  the  carbon  uniting  with  oxygen  to 
form  carbonic  acid,  and  tliis  combinin*;  with  the  oxide  of 
calcium  to  form  chalk,  so  likewise  the  formation  of  a 
muscle,  a  bone,  a  limb,  or  a  joint  has  its  successive  stages, 
each  of  which  is  necessary,  none  of  which  can  be  trans- 
posed, Tlie  formation  of  bone  is  peculiarly  iustroctive, 
because  tlie  large  proportion  of  inon^nic  matter  m  its 
substance,  and  soeniiujriy  ilcjKwitod  in  the  oi^nic  tissue, 
woulil  lead  one  to  suppose  that  it  was  almost  an  acci- 
dental formation,  which  niight  take  place  anyn'hera ;  yet 


■  Wc>i,n',  TiKorif  <br  GmfrtHion,  17fll.  )  (17.  Th«  nail«r  irill  Gad 
nliil II limit  mill  mhifihln  i^nrrolianil Ion  of  tliU  biolr^lcftl  j>rincEl>l*  ill  Sia 
Jamm  Pinrt'i  Lviurei  on  Surgiral  Fatholoai/. 
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altbougli  wliat  is  called  eotmcctivc  lissae  will  ossiry  under 
witaiu  conditions,  tru«  bone  is  tlio  product  of  a  very  pe- 
culiar Dioililication,  which  aJmoat  aU*ays  ufieiis  to  be  pre- 
luded by  cartUagv.  That  the  formation  of  bone  hu  its 
special  lii8tor>'  may  be  seen  in  the  fact  that  it  is  the  last 
to  appear  in  the  aniniul  series,  muny  Itigldy  or^uiz«d 
fishes  being  without  it,  and  all  tlie  other  systems  appear- 
ing befoTD  it  in  the  development  of  the  einbrya  Thus 
although  tiie  mot)i«r'5  Mood  furnishes  all  the  requisite 
matvriul.  the  fa-tus  ii  incapable  of  assimilating  this  ma- 
terial and  of  forming  bonn,  until  it»  owu  development  has 
niochei)  a  certain  staye.  Moreover,  when  ossification  does 
begin,  it  ^jenerally  begins  in  the  skull  (in  man  in  tlie  clav- 
icle) ;  ami  the  only  approach  to  an  internal  skeluLun  in 
tJie  InvertvhraU-s  is  the  Ho-oalltjd  skull  of  tlie  Coplmlo- 
poda  Not  only  is  bone  a  late  development,  but  cartilage 
is  also ;  ami  allliougli  it  is  an  error  to  maintain  that  the 
Invertebrates  are  wholly  destitute  of  car^iIagl.^  ila  occa- 
sional presence  iiavinj'  bccu  fully  proved  by  Ciapai'^de 
and  Gcfienbaiir,  the  rarity  of  its  presence  is  very  Mi|;nili- 
cant.  The  aniintda  wliich  can  funn  itliulls  uf  chalk  and 
cbttine  are  yet  incapable  of  forming  even  an  approach 
to  bone 

lOS.  Epigenesis  depends  on  the  laws  of  succe!<»i»n, 
which  may  Iw  likened  to  the  laws  of  cry»tal)tzation,  if  wo 
boar  in  mind  the  esscutiul  diBeronces  between  a  crystal 
and  an  organism,  the  latter  retaining  its  individuality 
tlitougb  an  incessant  molccidar  change,  the  former  oaty 
by  the  exclusion  of  all  change.  When  a  crystalline  solu- 
tion takes  sha])e,  it  will  always  take  u  definite  shape, 
which  roprcscnta  wliat  may  be  called  the  tHrfrtion  of  its 
forces,  the  ]>i>larity  of  its  con^ftiluent  molecules,  lu 
like  manner,  when  an  organic  plosmodo  takes  shape  — 
crystalline's,  so  to  speak  —  it  always  assumes  a  specific 
shape  depeudont  on  the  polarity  of  its  molecules.    Cry«- 
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btlIc^TQi)hers  have  detennioed  the  aerenil  fortna  potuible 
to  crystulB ;  liutulogistc  liave  recorded  the  ecvcm)  farms 
of  Oi^anitea,  Tissues,  and  OrcsaDS.  Owing  to  tito  ;;reater 
variety  in  eleiiieiitar)'  comjHJsition,  tliero  Li  in  organic 
substance  a  inuro  various  polar  dii>tnbutioii  titan  iu  crys- 
tals ;  nevertiielesa,  there  are  sharply  defiued  limits  never 
ovcrateppcd,  iind  ihcsv  constitute  wliut  may  be  called  the 
specilic  forois  of  Organites.  Tissues,  Or^ns,  Organisms. 
An  epit)K;liii]  cell,  for  example,  may  be  ciliated  or  colun- 
nar,  a  mtisclu-fibrv  striaUnl  or  nun-slriatcd.  a  nervo-fibrc 
naked  or  enveloped  in  a  slieailt,  but  tlio  kind  is  always 
sharply  doGned.  An  intestinal  tubo  may  be  a  uuifumi 
canal,  or  a  canal  dill'ereiitiated  into  sevemi  uiiliko  com- 
partniL'iitN,  with  suvcnil  niilike  glandular  nppendiige^  A 
spinal  coluiuD  may  be  a  unii'orin  solid  axis,  or  a  liighly 
diversiticd  si'gaicuted  am.  A  liuib  may  be  an  arm,  or 
•  leg,  a  wing,  or  a  paddle.  En  every  case  the  auatomirt 
recognizes  a  specific  type,  lie  assigns  tlic  uiiifonnities  to 
the  unirorcnity  of  the  substance  thus  varionsly  shaped, 
under  a  history  Trhich  lia»  been  similar ;  tbo  diveraities 
lie  assigns  to  the  various  conditions  under  uhicli  the  pio- 
MMM  of  growth  have  been  determined,  lie  never 
cxpt'ctfl  a  niusLiilar  tissue  to  develop  into  a  itkeleton,  a 
nervous  tissue  into  a  glaud,  an  oasomis  tissuL-  into  a  sen- 
sory organ.  Ue  never  expects  a  tail  to  become  a  hand  or 
a  foot,  tliough  lie  sees  it  in  tnniikey^  and  niawupiaU  serv- 
ing the  offices  of  prehension  and  locomotion.  He  never 
cxpecta  to  find  fingers  growing  anywhere  except  from 
metacarpal  bones,  or  an  arm  dev(.-lo)M.-(l  from  n  skull  TIhi 
well-known  generalization  of  (leoffroy  St.  ililaire  that  an 
organ  is  more  easily  aunibilated  than  traii-tposttd,  points 
to  tbo  fundamental  taw  of  Epigeiiesis.  In  the  same 
direction  point  all  the  facts  of  growUi.  Out  of  a  formless 
germinal  membrane  we  see  an  immense  variety  of  forms 
evolved ;  and  out  of  a  common  nutritive  fluiil  this  variety 
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of  oTgans  is  eusuinod,  repairod,  regiUoed ;  and  lliia  uot 
iDdifltinDtly,  not  casually,  but  a<xunling  to  n^roua  laws 
of  succession ;  Umt  wliicli  preced«s  det«viuiuing  tlmt 
which  succeeds  as  inevitably  as  youth  precedes  maturity, 
and  maturity  decay.  Tlie  nourishment  of  variuua  or^ns 
from  pluSDiodcs  <lcriv-i»l  from  u  ouinuion  Quid,  each  aclcct- 
ing  from  tliat  fluid  only  those  molecules  tliut  aic  like  its 
own.  nyectJDg  all  tlie  test,  is  very  similar  to  the  fonnation 
of  various  crystals  in  a  solution  of  ditferent  salts,  encli 
aalt  separating  from  the  solution  only  tlicuM:  muleculai 
tliat  arv  Uk«  iuuilf.  Iteil  tong  ago  called  ntlention  to  this 
analogy.  He  observed  that  if  in  u  solution  of  nitru  and 
sulpliatc  of  soda  u  crystal  of  nitre  be  dropped,  all  the  dia- 
solved  nitre  crystallize;!,  the  sulplmtv  rumniiitng  in  hoIu- 
tirni ;  whereas  on  mvursiug  tlie  experiment,  a  crj'StaJ  of 
sulphate  of  soda  is  found  to  crystalline  all  tim  dissolved 
sulphate,  leaving  the  nitre  unilisturbed.  In  like  manner 
muscle  selects  from  the  blood  its  own  mnt«nii1»  nhich  are 
Uieni  in  aolution,  rvjvoUng  those  which  tlio  nerve  will 
select. 

109.  Nay,  so  (lofioite  is  the  course  of  jicrowth,  that  whea 
a  limb  or  part  of  a  limb  b  out  off  from  a  crab  or  salamOD- 
d«r,  a  new  limb  or  new  purt  in  reproduced  in  the  old  spot, 
exadly  like  the  one  removed.  Bonnet  startled  the  world 
by  tliu  announcement  that  the  Nais,  a  worm  common  in 
ponds,  spontaneously  divided  itself  into  two  worms ;  and 
that  when  he  cut  it  into  mvOTol  pieces,  each  piece  rcpro* 
diK«d  head  and  tail,  and  grew  into  a  perfect  worm.  This 
had  Iwe.n  ocoept^^t  by  oil  naturalists  without  di^iiiur,  until 
Dr.  Williams,  in  his  "'  Report  on  British  Annelida,  1851," 
declared  it  to  be  a  fabl&  In  1^58,  under  the  impulse  of 
Dr.  Williams's  very  emphatic  denial,  I  re|)entud  experi- 
n>euls  similar  to  tliose  of  iionnet,  with  similar  resulla.  I 
out  two  worms  in  half,  and  tlircw  away  the  head-bearing 
Mginwuto,  placing  the  others  in  two  separate  vessels,  with 
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nothing  but  water  and  a  little  mud,  whicb  was  6rst  care- 
fully jtispcctod  to  MM  that  no  worm  Iny  cvucitHiled  tlientiu. 
In  a  few  daya  tbe  beads  were  completely  reformed,  and  1 
liad  tho  {iluiciiirc  of  uatcbing  tbum  diiriitg  their  recon- 
stnictlDD.  Wben  tbe  worms  wer«  quite  perfect^  I  Of^ain 
cut  Bway  tlieir  heads,  nud  again  saw  these  ivfnrmed.  This 
was  repeated,  till  I  had  ««eu  four  ]ic«(U  reproduced;  after 
wliicli  the  worms  Auccumbed. 

1 10.  Tlie  cjni.'^ltun  natuntlly  ari.tes.  Why  docs  the  nw- 
tritire  fluid  furnish  only  ruttteriiil  which  is  formed  into  a 
part  liko  the  old  one,  instead  of  reproducing  anolber  jiart, 
OF  one  having  a  somcwliat  difTci'eiit  structure  ?  The  au- 
awer  to  this  question  is  the  key  to  the  chief  problem  of 
organic  life  That  »  limb  in  situ  stiouht  replace  it«  mo- 
leciilar  n'a~ite  by  molecules  derived  from  the  blood,  seema 
iutclli^iblc  L'nougli  (because  wu  are  familiar  with  it),  aud 
may  be  likened  to  tlio  fonnation  of  crystals  in  a  solution ; 
but  bow  is  it  that  the  limb  tcJiicA  in  not  in  txislemx  can 
assimilate  materials  from  tbe  blood  ?  How  Is  it  that  tlie 
blood,  wliicli  tdscwlierc  in  the  organism  will  form  oUier 
parts,  hero  will  only  form  this  particular  part  ?  Thore  is, 
probably,  no  one  who  hat  turned  his  attention  to  these 
subjects  who  haa  not  pauseil  to  consider  this  mystery, 
The  most  accredited  answer  at  i^rcHcnt  before  the  world  ia 
one  so  metapbysiological  that  I  should  \mas  it  by,  wet« 
it  not  intimately  allied  witli  that  conception  of  Species, 
which  it  is  tlie  object  of  these  p^^es  to  rout  ouc  It 
is  t  hia : 

111,  Tlie  orgajiism  is  determined  by  its  Type,  or,  as 
the  Gennuua  say,  its  Idea.  All  \i»  |>art»  take  shape 
according  to  this  ruling  plan ;  (consequently,  when  any 
part  is  removed,  it  is  reproduced  according  to  the  Idea  of 
the  whole  of  which  it  forms  a  [Kirt,  Milne  E^lwards,  in 
n  very  interesting  and  au'^^^t^stivo  work,  concludes  his  sur- 
vey of  organic  phenomena  in  these  words :  °  Dans  Tor- 
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ganisme  loat  wmblc  ctilotilu  ca  vuc  d'un  r^ltat  dibex- 
miti^,  et  rbarmonie  des  parties  ne  r&nlte  pas  de  ritiflucoCB 
qu'elles  jieuvont  cxercer  les  tines  eur  k-s  iiutres,  mais  de 
leur  co-ordination  suua  I'empire  d'une  puissance  coinniuu«, 
d'an  plan  pi^oonqu,  d'uiie  force  prii-exislautc"  •  This  ia 
eminciilly  ineta|>tiysiologicaL  It  refuses  to  acknowledge 
the  operation  of  immanent  propertie-i,  refuses  to  admit 
that  tlie  liariuony  of  a  complex  atructure  results  from  the 
mutoal  relatione  of  its  parts,  and  seeks  otUddt  the  or<^n- 
ism  for  some  mysterious  force,  some  plan,  not  otherwise 
specified,  vhich  reguUtea  and  ehape<i  the  parts.  Vott 
ISaer,  in  his  great  work,  has  a  section  i-ntitkn^l,  "The  na- 
ture of  the  animal  determines  it«  development";  and  he 
thus  explains  himaelf:  "Altlioiij^h  every  Ktogc  in  devel- 
opment is  only  made  posaihlc  hy  the  pre-existing  condi- 
tion [which  ia  another  mode  of  expressing  Epigencsis], 
nevertheless  the  entire  development  is  ruled  and  gutdwl 
by  tJie  Nature  of  the  animal  which  is  ahotit  tu  be  (von 
der  gosauiinleu  Wciienhcit  des  Tliiercs  wclchca  werden 
aoll),  and  it  is  not  the  momentary  condition  which  alone 
and  aleolutely  determines  the  fiituw,  but  more  getieral 
and  higher  relations."  f  One  must  always  be  slow  in 
rejecting  the  Uiijii<^)its  of  a  master,  and  feci  sure  that  one 
aees  the  source  of  the  error  liefore  regarding  it  as  an  error ; 
but  in  the  pre'^ent  case  I  thttik  thii  positive  biologist  will 
he  at  no  loss  l^  a-ssign  Von  Hai^rs  error  to  its  metaphys- 
ical orijjin.  Without  pausing  here  to  accumidatc  exam- 
ples both  of  anomalies  and  slighter  deviations  which  are 
demonstrably  due  to  the  "momentary  conditions"  that 
preceded  tiiem,  let  us  simply  note  the  logical  inconsist- 
ency of  a  position  which,  while  as.iuming  that  every  sepa- 
ratt  ttagf  tn  dcvplopracnt  is  the  neco-ssury  sccjueiice  of  its 
predecessor,  declai'es  the  wkole  of  tlu  stages  independent 

•  Miuta  Edwakimi.  Intro,  i  la  Zoolagie  GAUralt,  ITtf. 
t  Vox  Sua,  Uetfr  Enlwkitlun'jtoeKMMt,  1.  1<7. 
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of  mcb  nUttooi '.  Sttcli  a  position  ia  indeed  recooeilaUr 
on  the  aMQmptiaii  UiaC  aninial  forms  are  monlded  "  tike 
clay  in  tli«  hands  of  the  potter."  fiui  this  is  a  t1un:)1o^- 
ca]  dogma,  whidi  leads  to  very  preposterous  aoJ  impious 
conclusiooa :  and  wheUi«r  it  leads  to  these  eonclusions  or 
to  others,  poaitira  BioJokt-'  declines  tbcolof^ical  explsna- 
Uons  altogether.  Von  Baer,  although  he  held  the  doctrine 
of  Epigenests,  coupled  it,  oa  many  othen  haw  done,  with 
mpta)>h7sical  doctrines  to  which  it  is  radically  opjMsed. 
Ho  bclicwd  in  Tyiics  as  realities ;  lie  was  tlifivfon^  con- 
sistent in  saying,  "  It  is  not  the  Matter  and  its  arrange- 
ments which  determine  the  product,  but  tlic  nattint  of  the 
parent  form  —  the  Idt-a,  accordin»  to  the  new  scliool," 
How  are  we  to  understand  thin  Idea?  If  it  moan  an 
indi'pendont  Entity,  an  agency  external  to  the  orgaDifiin, 
we  refuse  to  acknowledge  its  existence.  If  it  mean  only 
iOi  (1  postrriori  abstraction  expressing  the  totality  of  tJia 
conditions,  then,  indeed,  wc  acknowledge  that  it  <tct«r> 
mines  th«  aniuinl  form  ;  >)ut  this  is  only  an  abbreviated 
way  of  expressing:  the  law  of  Evolution,  by  which  each 
stage  determine!}  its  succcssar.  Tlie  Type  docs  not  dom- 
inate tile  conditions,  it  emeryta  from  them ;  the  animal 
orgnniSTn  is  not  cast  in  a  mould,  hut  tho  imaginary  mould 
is  tlie  fonn  which  tliu  polarities  of  i\m  or^iiic  substutice 
assume.  It  would  seem  very  absurd  to  suppose  that  crys- 
tals aaaumed  their  d<>linite  shapes  (wIk-u  tht^'  li<iiiiil  which 
held  their  molecules  in  solution  is  evaporated)  under  the 
determining  impulse  of  phantom-cfystals,  or  Ideas ;  yet 
it  has  not  been  thought  absurd  to  assume  phantom  forma 
of  orfianisins. 

112.  The  conception  of  Type  as  a  determining  in6u- 
ence  ariseti  from  that  fallacy  of  taking  a  resultant  for  ft 
principle,  whicli  has  pluyeil  »■>  conspicuous  a  part  in  the 
jiifitory  of  philosophy.  Like  many  others  of  its  class  it 
exhibits  an  interesting  evolution  fiom  tJie  erode  meta- 
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|ib;aicnl  to  tint  subtle  metapbjRicnl  point  of  view,  whioli 
at  last  insensibly  blend!)  into  Ute  pcistttive  point  of  view. 
At  6rst  Uio  Type  or  Idcn  wua  regardnl  ns  mi  objective 
leality,  external  to  tho  organism  it  was  anppoaed  to  roki 
Then  this  notion  wu  replaced  by  on  npprouch  to  tho 
more  rational  interpretation,  tbe  itlcs  was  mode  an  inter- 
niU  not  an  cxt«nial  force,  aiid  was  iiioorpurated  with  t^ 
material  elements  of  the  ai:guitsm,  wbtuh  wore  said  to 
"  endeavor  "  t«  artwi^  themselves  according  to  the  Type. 
Tbua  Treviraoua  declares  tbat  the  seed  "di«oui3  of  th« 
future  tiower";  nml  "Honle,  when  bo  afiirnis  that  hair 
tad  nails  grow  in  virtue  of  tbu  Idea,  is  forced  to  adil  Uiat 
iJie  parts  endeavor  lo  arrange  themselves  according  to 
thi»  IdwL"  "  Kvfii  Lutw,  who  lias  argned  so  victorioosljr 
aj^ainst  tbe  vitalisiit.  and  has  made  it  dear  ibat  uii  organ- 
ism is  a  vital  meclianieiii,  cannot  roIin^itUh  this  con* 
ception  of  legislative  Ideas,  though  he  signilicaiitly  adds, 
"  Utese  buve  no  powu-  in  tbomMilvcs,  but  only  in  as  for 
as  they  are  grounded  in  mechanical  condition!)."  Why 
Clien  superNtionsly  add  Uiein  lo  the  conditions  1  If  every 
part  of  a  watch,  in  virtue  of  the  properties  inherent  in 
its  substance,  and  of  the  mutual  reactions  of  those  and 
utlter  parts,  lia«  a  mecbauical  value,  and  if  the  sum  of 
oU  these  pails  is  the  time- indicating  meohanUiD,  do  w« 
odd  Ut  our  knowlfdge  of  tlte  watch,  and  our  means  of 
repairing  or  improving  it,  by  assuming  that  the  paru 
have  over  and  above  Uivir  phyHtcol  properties  tbu  meta- 
physical "  U-ndoMfy  "  or  "  desire  '*  to  arrange  themselves 
into  this  specific  form  t  When  we  sou  tliat  an  oigitnism 
is  constructed  of  various  parts,  each  of  which  has  its  own 
properties  inaltenablo  from  it^  Htnictiire,  and  its  oaet 
dependent  on  its  illation  to  other  parttt,  do  we  gain  any 
larger  insight  by  crediting  tliese  parts  with  desires  or 

*  Lons,  art.  Uttmdrrafl,  in  Wo^rmr't  UandtcirUrbiitk  ibr  H^Mo- 
jit,  f.  XXVI. 
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"dreanu"  of  a  fntan  result  which  thoir  union  will 
eflitotT  That  which  ii  true  in  this  conception  of  k^»- 
htive  Ideaa  ta  that  when  the  parts  come  together  there 
is  niatuol  reaction,  and  tlw  reMilUint  of  the  w)iol«  is 
aotuething  very  unlike  the  mere  addition  of  the  items, 
just  as  water  is  very  unlike  oxygen  or  hydrogvn;  fur- 
ther, the  connexus  of  the  whole  impresses  a  peculiar 
direction  on  the  development  of  the  partj),  and  the  law 
of  KpiguncHis  nocwisitaUu)  u  serial  dvvi-lo]>nii'i)t,  whicli 
may  easily  be  iuterp(et«d  as  due  to  a  preordained 
plan. 

113.  In  a  word,  this  conception  of  Type  only  odds  a 
new  name  to  the  old  difficalty,  adding  mi-st  to  dftrknesii. 
The  law  of  Epigenesi«,  which  is  simply  the  expression  of 
the  ninlerin,!  process  determined  hy  the  polarity  of  mole- 
cules, GX]>luins  IIS  much  of  the  pheuDmenu  us  n  cxplica* 
ble.  A  lost  limb  ia  replaced  hy  the  very  processes,  and 
through  tlie  same  progressiro  Bta«ea  as  those  which  origi- 
nally ]iroduccd  iL  We  liave  a  dcinoiistmtiori  of  its  not 
being  rtifijrmid  according  to  any  Idea  or  Type  which 
exists  apart  from  the  immanent  ])ropertiea  of  the  organic 
mok-cules,  in  tlm  fact  that  it  is  not  refonuod  at  once,  but 
by  gradual  evolution ;  the  raass  of  cells  at  tbo  stump  aic 
cells  of  enihryonic  cliarauter,  cells  sudi  as  Uioae  which 
originally  "  crystallized "  into  muscles,  nerves,  vessels, 
and  integument,  auil  each  cell  pusses  through  all  its  or- 
dinary stages  of  development.  It  is  to  bo  remembered 
that  HO  intimately  dependent  is  the  reanlt  on  the  deter- 
mining conditions,  that  any  external  influence  which 
disturbs  the  normal  course  of  development  will  eitlier 
prodiiro  an  anomaly,  or  frustrate  the  foiroation  of  a  new 
liniVi  altogether.  One  of  my  tritoiis  hit  off  the  leg  of  his 
female;*  the  leg  which  replaced  it  was  much  malformed. 


•  I  huil  kf[it  lliM*  trilon*  four  yrarm  in  the  hope  tliil  they  woa]>l 
tmnl  1  bat  in  tjAlv  of  itii'ir  bnog  nilgMt«]  to  gnat  rwiftk*  of  ttrtl- 
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and  curled  over  the  bock  so  as  to  be  uscleaa ;  was  this 
accoiding  to  the  Idcit?  I  cut  it  ofT,  aitd  examined  it; 
ftU  tliv  buiivs  were  present,  but  the  Iiuidituk  was  twisted, 
and  uf  aiiiall  aiKe.  In  a  few  weeks  a  new  if^  u-ns  de- 
veloped, and  tilts  leg  was  uormol.  If  the  Idcn,  on  a  rul- 
ing power,  determined  the  growth  of  this  ihinl  log,  «  hat 
<letenuiue<)  the  second,  which  was  lualfonned  ?  Arv  wc 
to  suppose  that  iii  nonnal  (n\>wth  the  Idea  prevaiU,  in 
abnormal  the  conditions  1  That  it  \»  tlic  polarity  of  the 
i&olecuk's  which  ot  each  moment  determines  the  group 
tltoee  molecules  will  asRiimo,  is  well  seen  in  the  e.\|ieri- 
UBcnt  of  Li\alle  mentioned  by  Bronn.*  lie  showed  that 
if  when  an  octoliedral  crj-stal  is  rormitig,  an  angle  be  cut 
•way,  so  as  to  produce  an  artificial  surface,  a  similar 
tutfaco  is  produced  spontaneoosly  on  the  correttpoiuling 
angle,  whereas  all  the  other  anj;lus  are  sharply  defined. 
"Valentin,"  says  Mr.  Darwin,  "  iiijun;d  the  caudal  ex- 
tremity of  an  embryo,  and  three  days  afterwards  it  pro- 
duced rudiments  of  a  double  pelvis,  and  of  double  hind 
liml^  Huiilirr  and  others  have  oWrved  lizards  with 
their  tails  reproduced  and  doubled.  When  Bonnet  di- 
vided loni^itudinally  the  foot  of  the  salamnnder,  several 
additional  digits  were  oecatsioiially  formed."  f  Where  is 
the  evidence  uf  the  Itiea  in  the.se  coMm  ? 


mnit  —  Tor  mrditlii  nil  HUi'i'lictl  "illi  fi">^.  "«i  (o'  Tnoiitbi  rrdnovd 
•Imcnt  to  oUri-diou  — ihfV  iicvnr  •howrfl  llic  iligMrnt  Ifiulciir.-y  to 
l>n«d;  «no(hii  unnnji  Ihn  many  ill uat tot ioun  ot  tlic  ti'iiilitii'm  wilh  "lilch 
the  gcnmtWr  (^tcm  ii  offeetnl  errii  in  vrty  Jisnly  slid  not  very  im- 
pnMhBatil*  ■niiiuU  C1.IF1IKLDB  uWrvi;')  llic  iliU  more  luqiii-dng 
hct  lluu  1I10  .VirUfui  fivviatilit  (>  lirnr  Miiiil)  not  only  «ilt  nut  laj- 
(ggH  bat  wil!  not  rvea  f*cd  in  Mptirit]'.  He  attril)ut»»  it  tn  ihi;  »tlll- 
nan  tt  Vbf  mlT  in  tin*  aquirium,  >o  unlikp  thai  of  Ihn  running  itTpmu 
is  «U«h  Ibc  niuHuv  IWra.     ilce  UuUer't  Arehiv.  IftS7. 

•  Brok.i.  Morf*oloquche  Sludisn  tbrr  liii  Oataitung-atiibt,  1808, 
OormpMr  ibr  t)ot>  nii  (  11. 

t  DaSWIM,  On  DomaHoUiOH,  II.  Std.  In  thn  AanaJt*  dn  Sn/ntx*, 
1H2,  p.  SOS,  M.  itxui  (lewtiliMafithiii  liii colWtion.  thftluil  orulikli 
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114.  1  repeat,  the  reproduction  of  lost  litiiW  is  due  to 
n  pr()c<!»a  which  is  in  all  essential  respects  tho  aame  m 
that  ivhich  i)ri;;inally  prodiuMi  them  ;  the  gen«s)s  nf  on« 
gronp  uf  nelta  is  the  iiccesHary  cundiltou  for  the  genesis 
of  its  succcsHUT,  nor  can  this  order  be  trniiii]>oaed.  But  — 
And  UiQ  point  is  vgty  important  —  it  is  nut  every  part 
tb&t  call  ha  reproduced,  nor  is  it  e\~ety  animal  that  has 
reproductive  powers.  Tlic  worm,  or  llie  muHui^c,  aeeios 
enpiible  of  reproducing  every  part ;  tlie  crab  will  repro- 
duce its  claws,  but  not  it«  head  or  tail ;  tiie  perfeot  insect 
of  ihft  liighcr  orders  will  repixidiico  no  ]>art  (indeed  the 
amputntton  of  it-'i  (intcnna-  only  is  fatal),  the  salanmiider 
will  reproduce  its  leg.  the  frog  not.  In  human  beings  a 
musclu  is  ^ui'l  nvviT  to  he  re^iroduced ;  but  thi.i  is  not  the 
casein  therare  examples  of  suppl«menlitry  lingers  uiid  toes, 
which  have  ^leeu  known  to  grow  again  after  amputation. 
The  explanation  of  this  difleroncc  in  the  reproductive 
powcni  of  diiferent  animals  is  usually  a.<»ignc(l  to  the  de- 
gree in  which  their  organisms  rotaiu  the  embryonic  con- 
dition ;  nnd  l1ii<i  explanation  is  made  plausible  by  the  fact 
that  the  nnimiil.t  which  when  udult  have  no  power  of 
replacing  lost  limbs  have  the  power  when  in  tlie  lar^'al 
8tat«.  But  alUiough  this  may  in  nonie  cases  be  the  Imo 
explanation,  there  arc  many  in  whicli  it  fails,  as  will  be 
•cktiowledged  after  a  survey  of  tlie  eittrcmcly  various 
organisms  at  widely  different  parts  of  the  antiual  series 
which  possess  the  reproductive  power  Even  animals  in 
tlic  same  class,  and  at  the  same  stage  of  development,  dif- 
fer in  this  respects  I  do  not  attach  much  importance  to 
tlto  fact  that  all  my  tfx{)eriments  on  marine  annelids 
failed  to  ftiTDisb  evidence  of  their  power  of  reproducii^ 
lo.tt  segment!* ;  because  it  is  difUcult  to  keep  tliem  under 
conditions  similar  to  those  in  which  they  live     Itut  it  is 

hwt  Imd  hmkrni,  antl  ttin  ban*  which  gnw  oat  U  (tie  iajuml  spot  hxl 
fonnrd  ■•FMnd  tail  with  Icrmituil  Hn. 
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s^ificant  that,  unong  Uiu  himdrcile;  wtiicli  bai%  pMied 
nndcr  my  obeer^'atton,  not  one  slioiiM  have  been  found 
with  a  hi!ad-»e^inenc  iii  the  [>r(H^«!u  of  (Icvelopinvnt,  re- 
[^ciuj;  one  thut  htul  been  dcslroycd ;  and  this  is  all  the 
more  lemarkable  from  \he  ^nat  ti-nat^ity  of  lifo  wlijuh  the 
mutihilcd  ifegmctiU  manifi^t  Quulivfages  had  observed 
portions  of  a  worm,  after  gangrene  had  dcatioveil  ilH  iiead 
and  »evem!  segments,  inovu  about  iu  the  watvr  and  avoid 
the  light !  • 

110.  A  final  Argument  to  show  that  the  ivproductjoa 
is  not  determined  by  any  ndin^  Idea,  hut  by  the  organic 
cAnditionH  and  tlte  nec«»i4ary  stages  of  evolution,  is  stxa 
in  the  reappearance  of  a  tuinor  or  cancer  after  it  has  hucn 
removed.  Wo  find  the  new  tissue  ap{H.-ai-  with  all  the 
characters  of  the  normal  tissue  of  the  gland,  then  rapidly 
assume  nno  hy  onu  (he  clianioU;n<  of  ibe  diseased  tissue 
which  liad  been  removed ;  anil  there  as  on  is,  tJmt  the  regen- 
eration of  the  tissue  is  acwmpuiiiod  by  the  same  abnormal 
conditions  which  formerly  gave  riBe  to  the  tumor:  th« 
directions  of  "  cfystalliaition  "  are  siTnilar  because  the  con- 
ditions are  similar.  Iu  every  case  of  {growth  or  ivjrrowth 
the  conditions  being  the  same,  the  result  must  be  tliu  same. 

•  In  tli«  niMnoir  on  Ui«  Aiatomy  and  l^nrialoffii  cf  the  Ncnaloidt,  by 
Dr.  CirAKLTOX  RkuriAV.  nhirli  n|>|>fnr<-tl  in  llii?  mtomptiiml  Traii/ot- 
tiatu  Tor  ISM.  we  rFoil  Ilikt  ni-u  tliui-  lowly  (>n(i<ni»><l  vonm  harn  littk 
fvwrrof  rrpair.  S|HkJiif[ «f  the  "p^iloprli"  (jlruftiiltdiiliE),  he  my* 
"  I  miy  lUbi  M  thn  n^iill  of  nitny  ex|vrimFnli  with  thop  lliat  tlie 
poBFi  (hry  poMTM  of  njslriiiK  l'ij"'l<'ii  vi'iim  vitt  Inu'.  I  lini-r  i:ttt  "(T 
jiMiioin  i>f  lliB  poatfTtor  enmnity,  niid  thniiffh  I  watchf'l  ihi?  onimU 
Inrdi^i  aftpr,  conid  nrrer  ivcognin  any  ■ttcinpt  >t  rr)inii."  rcrlxpt^ 
hotrrtwr.  Ihe  ncwun  nmy  h*vp  »nme  iiiflurncn  ;  nii'l  [»r.  Wii.l.l*M«"» 
dtaiil  ir«p«ottli(t  the  N'ala  m%y  Iw  tliun  rxiiUinnl.  [Wtiat  it  uii<l  >har* 
WM  WTJKm  ID  t$68.  aiul  publiihc-il  in  the  June  niimlirT  of  the  FartniittUl]/ 
Rni£iP.  Ill  ttif  AiljplH  oftliHl  yrar  the  i|UMtiiiii  "f  rpprodiir-linn  of  lust 
HmW  «u  tmtrd  hf  IVof.  Roi.l.Mrros  in  liU  ^Jdieti  la  tlir  firHiiA  Xrdi- 
ral  Atenali/^,  in  wlwrh  he  nhowed  <»gMt  cridrnpr  fnr  the  ronplnMon 
xiaX  thn  rrpmliii-ilvn  «f  limb*  unly  «ibb)  in  animali  tlut  hav«  (nbl« 
mpindan,  «nd  «oiii#qnei»t1y  dow  rltal  prorpMC*,] 
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116.  It  Beema  a  truism  to  innist  that  similarity  in  the 
resulu  must  be  diiu  U>  sitnilnnty  in  ttic  conditions ;  yet 
it  is  one  whicli  maoy  tbeorista  disregard ;  and  especially 
do  we  naed  to  bear  it  m  mind  wbcii  arguing  about  Spe- 
cies. I  will  here  only  touch  on  the  aufij^tive  topic  or 
the  analogies  nbtierved  not  simply  ainon^  animals  at  the 
extreuic  ends  of  the  scale,  but  also  between  animals  and 
plants  where  the  idea  of  a  direct  kinship  is  out  of  the 
question. 

My  veiy  imiierfect  Eoological  knowledge  will  not  allow 
me  to  adduce  u  long  array  of  instances,  but  siicli  an  urniy 
will  assuredly  occur  to  every  well-stored  mind.  It  is 
enough  to  point  to  tlic  many  analogies  of  Function,  more 
espeeially  in  the  reproductive  processes  —  to  the  exist- 
ence of  burrowers,  wack-rs,  tlyei*,  swimmera  in  %'arious 
classes  —  to  the  existence  of  predatory  mammals,  preda- 
tory birds,  predatory  reptiles,  predatory  insect*  by  the  side 
of  herbivorous  congeners,  —  to  the  nest-building  and 
incubating  fishes ;  and  in  the  matter  of  Structure  the 
analogies  aro  oven  more  illustrative  when  wo  consider 
the  widely  diffused  spicula,  setje,  spines,  hooks,  tentacles, 
beaks,  feathery  forms,  ncttUng-organs,  poison-sacs,  lumi* 
nous  oi^ns,  etc. ;  because  these  have  the  obvious  impress 
of  being  dne  to  a  community  of  substance  under  similar 
conditions  nither  than  to  a  community  of  kinship  The 
beak  of  the  tadpole,  the  ccplialopod,  the  male  salmon,  and 
the  bird,  are  no  douI>t  in  many  respect-!  unlike ;  but  there 
is  a  significant  likeness  among  them,  which  constitutes  a 
true  analog^'.  I  think  there  is  such  an  analog)'  between 
the  ftir-bliidder  of  lislies  and  the  tracheal  rudiment  whicli 
is  found  in  the  gnal-lnrvu  {Cordhra  plumtcaniit).*    Very 

■  Tliix  Vmitiful  kikI  lninit)<Kn'nt  laira  TCminila  ons  In  tatay  ncpMt* 
of  thf,  TiVe  t»  it  [ioi>i-a  lUrlf  in  iJie  water  aw>ltln)c  lU  pray-  It  i*  m. 
abled  to  do  10  uitliout  the  iligliti'sl  cxnlion  bjr  the  ur-bltdden  whicli 
it  pMMMM  ill  Ilia  two  kidiiey.«liiiped  niililuenU  of  tntcIieaE.  and  trhifli 
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remarkable  also  ts  Uta  nseiiibUnce  of  tlie  aritidarium, 
or  "  birdVliiMMl  proocas,"  on  tlie  ]>olj»)oii  known  popu- 
larly aa  the  Corkscrew  Coralline  (Hagula  avicularia), 
whicli  preacRts  us  in  miniature  witli  a  vuUnre's  bead  — 
two  mandibles,  one  fixed,  the  other  moved  by  muscles 
visible  wiUii»  the  liead-  No  one  can  watcli  this  organ 
snapping  iocessanlly,  without  beiu^  reminded  of  a  vul- 
ture, yet  no  one  would  suppose  for  a  moment  tbat  the 
resemblance  has  anything  to  do  with  kinship 

117.  Such  cuaeit  are  eominonly  robbed  of  tbeir  due 
signiBcaocc  by  being  dismissed  as  coincidences,  But 
what  determines  the  coincidence  ?  If  we  assume,  aa  we 
urc  juslifictt  iu  twauuiing,  that  the  ptmibU  JimJione  of 
Organic  Combination,  and  the  resultant  forms,  are  lim- 
ited, there  must  inevitably  occur  such  cuincidciit  lines: 
the  hooks  on  a  Climbing  Plant  will  resemble  the  hooks 
oQ  a  Crustacean  or  the  claws  of  a  Bird,  as  tlie  one  form 
in  which  under  similar  external  forcts  the  more  solid  but 
not  massive  jrartions  of  the  inlc^miont  tend  to  develop. 
1  am  too  ill  acquainted  with  the  anatomy  of  plants  to  say 
how  tlte  houkii  so  common  among  them  ari^ ;  but  from 
examination  of  the  Ulackbeny,  and  comparison  of  its 
thorns  with  the  hooks  and  spines  of  the  Crustacea,  I  am 
led  to  infer  tliat  ia  eacli  caae  the  mode  of  development 
is  identical  —  namely,  the  secretion  of  cbitiuo  from  the 
cellolar  matrix  of  the  iutegument 


In  tho  (pi«t  btpjjinn  <LiT4l«[>«il  jnlo  th4  rMpimtory  ippualut  The 
leHtnbkaae  to  the  aJr-tilaiU^r  uf  fidic*  U  not  *impty  tlinl  it  Mnn  » 
maSbu  imipn*  of  nutoininz  the  Iiodjr  in  the  ivntn,  it  b  ia  both 
CMM  *  ndiiiifiit  o(  the  iF*|]initnr7  ■[iparatui,  whi<:h  in  tlis  llsh  upvw 
heconn  ikvelopnl.  Wkibxanx  olli  ntti'iiilori  tii  mi  "iKmi  tii  the  larvs 
•I  CCtUitl  inwcU  (ihn  Ca/trtrf*).  wliicli  havc!  wlmt  he  cnllii  a  ttnchcal 
fill,  wtiich  f^n  hu  thin  utiikiiij!  «i»ti)|!]r  with  the  fish-^lt  thil  it  hepn- 
ntc*  Ihf  nil  ftoin  Ihe  nter,  and  nut,  ne  a  tmi^hei,  direct  fmiii  t)ir  ntinoa- 
[Atn.  Sn  hii  nmatk>1>i«  memoir  Dif  nfuLhembrymialt  Kniieicktltmg 
4m  MiuMemM.  In  Sittotd  u«.(  K6Ilit*r'  X'iln'hrifl.  \Hi.  p.  S2S. 
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Another  mode  of  evading  the  real  significance  of  such 
reBemblanvca  is  Ut  call  tliero  antilogies,  not  homologies. 
Tliere  ia  an  advantage  in  bavin;;  two  such  terms,  but  ve 
ougbt  to  be  vtry  clear  as  to  their  uieiiniii;^  and  their  jioinl 
of  separation.  Analogy  i^  used  to  designate  stmilarity  in 
Function  with  dissimihirity  in  Structure.  I1te  wing  of 
an  insect,  the  wing  of  u  bird,  and  the  wing  of  a  but  are 
caUtnl  atinlogouA,  but  not  homologous,  because  their  ana- 
tomical structure  is  different :  tlivy  arc  nut  conslnictcd 
out  of  similar  anatomical  parts.  The  fore-leg  of  a  mam- 
ma], tlie  wing  of  a  bird,  or  the  paddle  of  a  wliale,  arc 
called  homologous,  because  in  spite  of  their  diverse  uaea 
tbcy  are  eonstrocted  out  of  (lorrettponding  nnatouiical 
parts.  To  the  unatomist  such  distinctions  are  ctuineatly 
serviceable.  ]tut  they  have  led  to  aome  miaconoeption-i, 
because  they  are  connected  uith  ft  profound  nitsooncep* 
tion  of  the  relntiun  between  Function  and  Organ.  Em- 
bryology teaches  that  the  vfing  of  tlio  bird  and  the  poddk 
of  the  whale  are  developed  out  of  correspondii^  parts, 
and  that  the»e  arc  not  like  the  parts  front  which  tJie  wing 
of  an  iusect  or  the  flying-fish  will  be  developed ;  never- 
tlieles!^,  the  most  cursory  insjKJCtioii  reveals  that  the  wing 
of  II  bird  and  the  paddle  of  si  whale  are  vcrj-  unlike  in 
atxucture  no  lata  than  in  function,  and  tliat  their  diversi- 
ties in  function  correspond  with  their  diversities  in  struc- 
ture ;  whereas  the  wing  of  the  insect,  of  the  bird,  and  of 
the  lint,  arc  in  certain  charact^'rs  very  similar,  and  corre- 
spondingly there  arc  similarities  in  their  function.  It  is, 
boiraver,  obvious  that  the  resemblance  in  function  is 
tttietly  limited  to  the  resemblanoc  in  anatomical  struc- 
ture ;  only  in  kose  ordinary  speech  can  the  flight  of  an 
insect,  a  bird,  or  a  bat  be  said  to  bo  "  the  Mnie  " :  it  is  dif- 
ferent in  each  —  the  weight  to  be  moved,  the  rapidity  of 
the  movement,  the  pi-ecision  of  tlie  movements,  and  Uieir 
endurance,  all  ditTvr. 
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118.  It  is  impouiblo  U>  treat  of  Evolution  without 
taking'  notice  of  that  luraioous  hypothesis  Uy  wliic^h  Mr. 
DBTwin  has  rcvolutioniiecd  Zoology.  Tlicri>  arc  two  poinU 
needfnl  to  be  clearly  appreheuded  before  tlie  question  is 
enterad  uj>ou.  Th«  ftnit  point  vuUiUrs  to  tliv  tux  use  of 
the  |4ini«e  "  ODUtiitionit."  sometimea  more  instructively 
replaoed  hy  "coitditjonfl  of  exislonw."  Inntinuch  as  Life 
is  only  po«sih)c  under  definite  relations  of  tlie  oi^nisni 
Btid  its  medium,  the  "  conditions  of  existence "  will  he 
ittosc  pliyjiical,  chvuiical.  aud  physiolo^cal  changes,  which 
in  the  organism,  ami  out  of  it,  eo-ojx:nU€  to  produc.p  the 
result.  Hierc  aru  myriads  of  changes  in  the  Gxtcrnal 
medium  which  have  no  corresponding  changes  in  the 
OTf^isni,  not  l>eJug  in  any  direct  nslation  to  it  (soo  §  S4| 
These,  not  being  co-openmt  conditions,  must  lie  left  out 
of  the  account;  tboy  are  nut  conditions  of  existence  for 
the  (»ganism,  «n<i  tlierefore  the  organism  doat  not  vniy 
with  ihvir  variutious.  On  the  other  hand,  what  soem 
veiy  slifibt  changes  in  the  medium  are  often  rosponded  to 
by  important  cliangfis  in  the  vital  cliennstry,  and  coiue- 
queutly  in  the  structure  of  the  organism.  Xow  the 
nature  of  the  or:gaiii3in  at  the  time  being,  that  is  U>  say, 
ils  structure  and  the  physico-clicmicul  slate  of  its  ti^ues 
and  ptosmodes.  is  the  main  anidUiati  of  this  response; 
the.  same  external  agent  will  he  powerful,  or  powL-rlcss, 
over  slightly  diOerBnt  ofgnniftms,  or  over  the  same  oi^n- 
ism  at  differBtit  limes.  Usually,  and  for  convenience, 
when  biologists  speak  of  conditions,  tJiey  only  refer  to 
exbenial  chMiges.  This  usage  huH  been  the  source  of  no 
little  confusion  in  discussing  the  Develoiiraent  Hypotli- 
eaia.  Mr.  Darwin,  however,  while  following  Iho  estah* 
liabed  osngc,  is  careful  in  several  places  to  declare  ttiat 
of  tlie  two  factors  in  Vanation  —  the  nature  of  the  organ- 
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Um  and  the  nature  of  tlw  conditions  ~  th«  former  is  by 
far  tlio  more  imi>oitnnt, 

USi.  A  still  greater  modification  of  tenus  must  now 
be  tniulo.  Instead  of  conlining  ilu;  "struggle  Tor  exist- 
ence" to  the  competition  of  rivals  and  tlio  anta,^abm 
of  foes,  we  miut  extend  it  to  tlic  coinpeiition  and  an- 
tagonism  of  tissues  and  organs.  The  existence  uf  an 
organism  is  not  only  itependent  on  tbe  external  exLsteooe 
of  otiien,  and  is  the  outcome  of  a  struggle ;  but  also  on 
the  internal  conditions  which  cooperate  in  tlie  formation 
of  its  structure,  this  structure  being  the  out<;omc  of  a 
.ttni^lc.  The  organism  is  this  parlievtar  organism,  dif- 
fering from  others,  bcuuiM  of  the  paitimilar  conditions 
which  have  co-oporated.  The  primary'  and  fundamental 
struggle  must  be  that  of  Uie  organic  forces  at  work  in 
creating  a  structure  capable  of  pusliing  its  way  amid 
extoniul  f^irccs.  The  orgnnlsni  must  find  ■  footing  in  tbe 
world,  before  it  can  corngtete  with  rivals,  and  defend 
itaelf  against  foes.  Owing  to  the  power  uf  reproduction, 
every  organism  has  a  potential  indeSniteness  of  multi- 
plii'ntion ;  that  potential  indetiuitcness  is,  however,  in 
reality  ivatricted  by  the  supply  of  food,  and  by  the  com- 
petition of  rivals  for  that  supply.  The  mukiplication 
of  any  one  s[)ceii!S  is  thus  kept  down  by  the  presence  of 
rivals  and  foes :  a  balance  is  reached,  which  jiermits  of 
the  restricted  qimntities  of  various  species.  This  bolaQoe 
ia  tho  ri'sult  of  a  struggle. 

Now  let  me  call  attention  to  a  similar  process  in  the 
forinatioii  of  the  urgtinistn  itself  Every  organite,  and 
every  tissue,  has  a  potential  growth  of  iudeRnite  extent, 
but  its  real  growtli  is  rigorously  limited  by  th«  compe- 
tition auil  antagoTiisEu  of  the  others,  each  of  which  Itas 
its  potential  indefiniteiiess,  and  its  real  limits.  Some- 
thing, in  liic  (imA  assimilated,  slightly  alters  the  part 
which  os&imilutes  it^    Tliis  change  may  be  tlie  origin  of 
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ottusT  cliui^^  in  tliv  jKirt  ibt^lf,  or  iii  n«igl)boriiii;  pHrts, 
atimulatitig  or  atreslinjj;  ihe  vital  procceeea.  A  niodific«> 
lioD  of  atructim^  nsults.  Or  there  inaj  be  no  new  sub- 
stance aesiniilatod,  but  csternal  forces  loay  cnll  u  part 
iBto  incnased  activity  —  which  means  increased  witate 
hikI  rf|i«iri  aud  this  increase  him  is  the  cuusti  of  a 
corresponding  d«ci-easo  somewhera  else.  Whatever  tlie 
uotute  of  Uie  cbaiij;e,  it  tiiuia  in  plaoe  amid  a  complex 
of  dianges,  and  it«  results  are  ootopouiided  with  theirs. 
Wlicn  oigaoites  and  tisaues  are  aaid  to  have  a  potential 
inddioiteness  of  <^wth,  th«re  is  assumed  a  puCvuiial 
indeiiaiteness  in  the  pabulum  supplied  :  if  tiie  jiabuluni 
wei«  mipplied,  and  >/  thcrv  were  no  autuj^nisiu  thwarts 
iog  its  assimilation,  growth  would  of  course  continue 
without  ])au«e,  or  eud ;  hut  in  rc-olity  tliis  cannot  be  su. 
For,  take  the  blood  as  the  rehicle  of  the  pabulum  —  not 
only  is  its  quantity  limited,  and  partly  limited  by  the 
very  octiuii  of  the  ti^ues  it  feeds,  liut  even  in  any  given 
qauitity  there  is  a  limit  to  its  composition  —  it  will  only 
tc^  up  a  limited  i|uantity  of  sail?,  iron,  albumon,  etc.; 
no  matter  Itow  abundant  these  may  ha  in  the  food.  So 
again  with  the  plasmodes  of  the  various  tissues  —  they 
liave  cttdi  their  definite  capacities  of  as«iDiiktion.  Wlial 
has  already  been  stated  ri?«pectitig  chemical  affinity  (§  20) 
\»  equally  applicable  to  organic  afliitity ;  as  the  presence 
of  fused  iron  in  tlie  crucible  partially  obstructs  tlie  cora- 
binalion  of  siilj'iiur  and  lead,  so  the  presence  of  cimtiec- 
live  Usane  partially  obstrnets  the  combination  of  muscW 
protoplasm  with  iu  )>abulum. 

118  b.  Qwin);  to  the  action  and  reaction  of  blood  and 
plasmode,  of  tissues  on  tissues,  and  oivj^ans  on  organs, 
and  Uieir  niuttinl  limitations,  the  growth  of  each  oi^nm* 
ism  has  a  limit,  utid  tbt;  -^wtb  of  each  or^n  Ims  a  limit 
ileyond  this  Umit,  no  extm  supply  of  food  will  increase 
tbs  Bixo  of  the  organism;  no  inorcasu  of  activity  will 
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incrense  the  organ.  "  Man  cannot  add  a  cubit  to  hiij 
8f4ttiirc."  The  blucksuitli's  arm  will  not  grow  latter  by 
twenty  years  of  daily  exeiciBe,  after  it  has  once  attained 
a  certain  s'ua  Increase  of  activity  caused  it  to  enlaige 
up  to  this  limit ;  but  no  jncreusc  of  activity  will  cause  it 
to  pass  this  liniiL  Why  i  Itecatise  here  a  balance  of  th« 
co-opeiuting  formative  forces  has  liccn  reached.  Lat^ger 
muscles,  or  more  muscle-fibres,  denian<l  arteries  of  laiger 
calibre,  utid  these  a  heart  of  latter  size ;  with  the  increase 
of  mtiscle  would  come  increase  of  connective  tissue ;  and 
this  tissue  would  not  only  compete  with  the  muscle  for 
pabulum,  but  by  mechanical  pressure  would  diminish  the 
How  of  that  pabulum.  And  why  would  connective  tisuio 
increase  ?  Because,  in  the  first  place,  there  is  a  forma- 
tive association  between  the  two,  so  that  owing  to  a  law, 
not  yet  understood,  tlm  one  always  accompanies  the 
otlier;  and,  in  the  second  place,  tliere  is  a,  functional  fi$- 
sociatioD  between  the  two,  a  muscle-fibre  being  inopera- 
liiK  unl&ss  it  1>e  sttnched  to  a  tendon,  or  connective 
tissue ;  it  will  contract  ouC  of  the  body  although  sepa- 
rated fixim  it»  tiindon  or  other  attachment;  hut  in  the 
body  its  coutniction  would  l>e  iiscluits  without  this  attach- 
ment. We  must  bear  in  mind  that  muscle-fibres  are 
very  much  shorter  than  ordinary  muscles;  According  to 
the  measurements  of  W.  Kr&use  (hey  never  exceed  4  mm 
in  length,  and  usually  range  between  2  and  3  cm;  their 
fine  points  being  fixed  to  the  interstitial  couutictive  tissue, 
as  the  wliole  muscle  is  fixed  to  its  tendon.  The  fuDCtioii 
of  the  muscle  is  thus  dependent  on  n  due  balance  of  its 
component  tissues ;  if  that  balance  Is  disturbed  the  func- 
tion is  disturbed,  ^houhl,  from  any  csnse,  an  excess  of 
mnacle-libre  arise,  the  balance  would  bo  disturbed ;  should 
an  encroachment  of  connective  tissue,  or  of  fat>  take 
place,  there  would  be  also  a  dufuct  of  function. 

Here  we  have  the  co-opeiation  and  limitation  of  the 


TUB  JJATTRE  OP  LIFE. 


119 


■ 


dnoea  illustrated ;  let  us  extend  our  glaDce,  and  we  shnll 
SCO  Iiow  the  oo-opcrulioii  uiid  limitation  of  the  organa 
come  into  play,  so  that  the  resulting  function  depends  on 
tltc  laluiPC  i>f  tlieir  foroes.  Tli«  contntctilv  power  of 
each  individual  muacle  is  always  limited  by  the  resistance 
of  *ntiigoai»t«,whicli  prevent  the  nius<-le  bein^  contracted 
more  than  about  a  third  of  ita  pmsible  extent.  L  e.  possi- 
ble wlicit  there  arc  no  resistances  to  be  overcnnie.  Not 
only  iho  increasing  tension  of  iintagouist  iiiusck-a,  but  the 
resistance  of  tendons,  bones,  and  softer  parts  must  be 
taken  into  account.  Thus,  the  iueruase  of  the  black- 
smith's muscular  power  would  involve  a  considerable  in- 
creiuu  in  nil  the  tissues  of  the  itnti ;  but  ttuch  an  increase 
would  involve  a  reconstruction  of  his  whole  or^nism. 

Whenever  thero  is  an  encroachment  of  one  tissue  on 
another,  ttivre  is  a  disturbani-c  of  the  nonnitl  balance, 
which  readily  passes  into  a  pathological  state.  If  the 
brain  a  ovcmin  with  connective  tissue,  or  tho  heart  with 
fatty  tissue,  we  know  the  consequences.  If  connective 
tiinue  is  deficient,  epithelial  runs  to  excess,  no  longer  lim- 
ited by  it«  normal  antagonist,  and  pus,  or  cincer,  result. 

118c,  It  ia  unnecessary  here  to  enlarge  on  this  point. 
I  have  itddua^d  it  to  show  that  we  must  extend  our  con- 
ception of  the  slnigsle  for  exi.ttence  lieyond  that  of  the 
DomptititioD  and  antagonism  of  organisms  —  the  external 
struggle  ;  and  include  under  it  thii  conipetition  nml  antr^ 
onisui  of  tissues  and  oTgans  —  the  internal  struggle.  Va- 
riability is  inherent  in  organic  sn1)stance».  as  Uie  result 
of  their  indetiiiitt-nt'ss  of  composition  (§  45  h).  Thi«  vari- 
ability is  indefinite,  and  is  rendered  definite  by  the  com- 
petition and  Antagonism,  so  that  ever)-  particuUr  variation 
ia  the  resultant  of  a  composition  of  forces.  The  forces  in 
operation  are  tbit  intcrmU  and  external  conditions  of  ex- 
istence —  L  e.  the  nature  of  the  organism,  and  its  response 
to  the  actions  of  its  medium.     A  change  may  take  place 
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in  tlie  medium  without  n  ooiresixHiding  n»{>on9c  froui  Ute 
Dfx&nisni ;  or  Uie  cliange  may  Had  a  KSponse  and  the 
or^iiuism  becomv  inoditioiL  Every  moditicAtiqa  is  «  kuIuv- 
twjn,  dtitfirniiiuKl  by  laws  of  gtx>wtb ;  it  b  the  re§ulU)iu 
of  11  struggle  between  wluU,  Tor  waut  of  a  l«tti;r  t«nu, 
may  be  called  the  orgamc  afinities  —  whicli  rspreseut  in 
oTi^nixed  sulisUuices  wliat  clieniica]  aBinitiea  are  in  Uw 
Rnoi)-aiiized.  Just  as  an  orjjanisru  which  lias  bocu  modi- 
fied and  Uieretiy  gaineil  a  Hiiperiority  o^er  others,  has  by 
thta  moditication  been  «/«/«/  for  survival  —  the  selection 
being  only  another  aspect  of  this  modilication  —  so  ui>c 
tissue,  or  one  organ,  which  haa  sur|>ussed  imother  in  tlie 
stru^le  of  growth,  will  thereby  lutve  become  selected. 
Kuturul  Selection,  or  survival  uf  the  tille^l,  tli<.-rcfor«,  is 
simply  the  metaphorical  expression  of  the  fact  tiiat  any 
baliince  of  the  forces  which  is  best  adapted  for  survival 
will  tftirvivc.  Unless  we  interpret  it  aa  a  shurtluiud  ex- 
pression of  aU  tho  internal  and  external  conditions  of 
exi«Utnce,  it  is  not  acceptable  as  the  origin  of  species. 

1I8(/.  Mr.  liunviti  hm  «o  jmtienUy  and  profoundly 
meditated  on  the  whole  subject,  tJiat  we  must  be  very 
slow  in  presuming  him  U)  have  overlooked  any  important 
point.  1  know  thnt  he  has  not  altoj^elher  ovetlooked  ihil 
which  we  are  now  I'otisidering ;  but  hir  is  so  preoccupied 
with  the  tnicitig  out  of  his  splendid  discovery  in  all  its 
bearinj^,  that  he  has  thrown  the  empha^U  mainly  on  the 
external  strug)|)e,  neglccliiif^  tho  intenial  slrui^yle ;  and  has 
thus  in  many  passajjes  employed  language  which  implies 
a  radical  distinction  where — as  t  conceive— no  such 
distinction  can  be  rectKpiized.  "Natural  Selection."  Iw 
says.  "  depends  on  the  survival  under  various  and  complex 
circumstances  of  the  )>cst-(ilte<l  individual)!,  but  has  no 
lelaltun  wlmtever  In  tlio  primary  cause  of  any  modifica- 
tion of  structure."  •  On  Uii»  we  iivay  romarli,  first,  that 
•  nt  y^rialiim  */ A»i*»alt  ind  FSa^t*,  ISSS,  II.  {>.  173. 
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selecUon  <loes  not  deptnd  on  Uic  sitr\-ival,  but  u  tbat  eur- 
vi\-Bl;  K-oondly.  tbut  llio  best-fitted  individual  nimivc* 
because  of  that  niodificalioii  nf  its  »tnicttin^  \yhicb  has 
given  it  Uk!  superiority ;  tlivrcrura  if  tho  primary  cuusc 
of  this  modification  is  not  due  to  selection,  thvu  selection 
cannot  be  tbe  c«utte  of  species.  Tie  separates  Nntiinil 
Selection  from  all  the  primaiy  causes  of  vnrintioii.  either 
ioternal  or  external  —  either  oa  resiilu  of  the  laws  of 
growth,  of  the  correlations  of  vaijation,  of  uso  and  disuse, 
etc,  and  limita  it  to  tJie  slow  accumulations  of  sncli  vari- 
ations us  are  proliubic  in  the  sirugigle  with  compeliton. 
And  for  hia  purpose  this  scpaiation  is  necessary.  But 
1)iologii.-sl  philosophy  niiist^  I  think,  regard  the  distinction 
as  artificial,  referring  only  to  one  of  tlio  \!,n^l  factors  in 
the  proiluctioii  of  species.  And  for  this  reason:  Selec- 
tion only  conies  into  existence  in  the  niodifiaitions  pro- 
duced cilltcr  by  external  or  intenial  changes ;  and  the 
selected  change  cannot  be  de\'clo|>cd  further  by  mere 
inheritance,  unless  tbe  successive  progeny  have  such  a 
disposition  of  the  on'aiiic  afTmities  as  will  rc]K-at  Uio  pri- 
marj'  chan^  Inherited  superiority  will  not  by  mere 
transmission  become  greater.  The  facta  which  are  relied 
on  in  support  of  the  idea  of  "fixity  of  spucios"  show  at 
any  mie  that  a  given  su[ieriority  will  remain  stationary 
for  thousands  of  years;  and  no  one  supposes  that  the 
progeny  of  an  organism  will  vary  unless  some  external 
or  internal  caow  of  variation  accompanii^  the  inheritance!. 
Mr.  Darwin  agrees  with  Mr.  Spf^ncer  in  admitting  the  dif- 
ficulty of  dijitin^i  it'll!  n<{  hetwc-un  the  efiecU  of  some 
definite  action  of  external  conditions,  and  the  accumuk- 
tioQ  through  natural  selention  of  inherited  variations 
serviceable  to  tiie  organism.  But  even  in  cases  where 
the  distinction  could  he  clearly  established,  I  think  we 
should  only  see  an  AtV'mVn/  distinrlion,  that  ts  to  say. 
one  between  effecte  produced  by  psirticular  causes  now 
vin.  in.  fl 
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in  operatioD.  and  effect*  ])roduced  by  very  complex  Had 
obscure  cauaea  in  operation  during  ancestral  develo{^ 
ment 

118«.  The  reader  will  undctstand  thai  my  criticism 
doca  not  pretend  to  invalidate  Mr.  Darwin's  diaoo^eiy, 
but  ratiier  to  enlarge  ila  terms,  so  iis  to  make  it  includu 
all  the  iMOlogical  conditionH,  and  thus  explain  many  of 
the  variations  which  Katumi  Selvclioii  —  lu  tliv  rustrietcd 
acceptAtJon  —  leaves  out  of  account.  Mr.  Darwin  draws 
a  broad  line  of  distiimliou  between  Variation  and  Selcc* 
tion,  regarding  only  those  variations  that  are  favorable  as 
seiecti'd.  I  conceive  that  all  variations  which  survive  ar« 
by  that  fact  of  survival,  selt-ftion*.  whether  riivorabtc  or 
indilTcrunt.  A  variety  is  a  species  in  formation;  now 
Selection  itself  is  not  a  cause,  or  condition,  of  varistion, 
it  i«  the  cj-jirrssion  of  variation.  Mr.  Darwin  is  at  times 
explicit  enough  on  this  head  :  "  It  may  metuphoricatly  he 
said  that  Xatiiral  Selection  is  diiily  and  hourly  scrutiniz- 
ing throtir;hout  the  world  the  sligbt&il  variations ;  rejecting 
those  tliiit  arL^  had,  preserviur;  and  adding  up  all  that  are 
good;  silently  and  insensibly  working,  whenever  and 
wherever  opportunity  offers,  at  the  improvement  uf  each 
organic  being  in  relation  to  its  organic  and  inorganic  con- 
ditions i>f  Ufa"*  IJwt  the  metaphorical  nature  of  the 
term  is  not  always  borne  in  mind,  so  that  elsewhere 
Natural  Selection  u  said  to  "  act  on  and  modify  organic 
beings,"  9&  if  it  were  a  positive  condition  and  not  the 
expre.^ion  of  the  modifying  processes.  Itecause  grouse 
are  largely  destroyed  by  birds  of  prey,  any  change  in  their 
color  which  would  render  them  less  conspicuous  would 
enable  more  birds  to  escuipe;  but  it  is  obvious  thai  this 
change  of  color  will  be  dtie  to  Organic  Affinity ;  and  only 
when  the  change  is  effeettd  will  there  have  been  that 
eeloctiou  wliich  crprrsses  it.  Mr.  Darwin's  language,  Low- 
•  Origin  o/^iecia,  Sib  rd.  p.  00. 
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•v«r,  is  mislcadiog.  He  says :  "  Hence  Xotunl  Selcctiou 
mi^ht  be  most  effective  la  giving  the  proper  color  to  each 
kitiil  of  grouse,  and  iu  keeping  lliat  color  when  ofloe 
iiupiirvd."  Tliia  is  to  make  Selection  »n  ngeut,  u  condi- 
tion of  the  development  of  color;  which  may  be  accepted 
if  we  extend  tlie  term  so  as  to  include  the  organic  cliaages 
themselves.  Again :  "  Some  writen;  have  imagined  that 
Naxund  Selection  indure*  vtirtalrililg,  whereas  it  only  im- 
plies the  praervalitm  of  Hudi  variulious  a-t  iiro  bonelicial 
to  the  being  undor  it«  conditions  of  life,"  It^  however,  is 
made  U>  imply  more  tliau  this,  namely,  the  accumukiioa 
and  further  modification  of  such  variBtions.  "  The  mere 
existence  of  individual  variability  and  of  some  wetl- 
marked  vuicUes,  though  acwamry  as  the  foundation, 
helps  us  but  Little  in  un<leT8tanding  how  species  arise  in 
nature.  How  have  all  those  exquisite  aduptftlions  of  one 
part  of  the  organization  to  another  part,  and  to  the  con- 
ditions of  life,  and  of  one  organic  being  to  another  being, 
been  perfected  ? "  My  answer  to  this  question  would  be : 
By  O^anic  AHinity,  ami  tlie  Ti^ulting  struggle  of  the  tis- 
sues and  oipimt,  the  oonsei|ucuc«-s  of  whicli  aro  that  very 
adaplaiion  of  the  organism  to  external  conditions,  which 
itexptcuod  iw  the  i^ifiiian  of  Uie  8tniclun--t  bfst  adiipled. 
The  selections  are  the  results  of  the  struggle,  according 
to  my  proposed  extension  of  tlie  term  "  struggle."  Mr, 
Damin  defines  the  stniggle:  "The  dependence  of  one 
being  on  another,  and  including  (what  is  more  important) 
uot  only  the  life  of  the  individual  but  success  iu  leaving 
progeny."  This  definition  seems  defective,  since  it  omits 
the  primary  an<I  more  important  struggle  which  takes 
place  between  the  oiganic  affinities  in  operation.  To  suc- 
ceed iu  the  stniggle  with  competitors,  the  organism  must 
IttTO  first  acquired  —  by  selection  —  a  superiority  in  one 
or  more  of  its  organs^ 
118/.  A  little  rdlccttua  will  diiiclose  the  Importance 
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of  keeping  our  eyea  fixed  on  the  internal  causes  of  varia- 
tion, a^  well  aa  on  tho  oxtoruul  i-oiidiLiiiiia  ol'  itii^  strii^le. 
Mr.  Darwin  eeeina  to  imply  tiiut  tliu  exteriial  cumlitionit 
vhich  cause  a  variation  are  to  be  dialinguiitlied  from  tbtt 
coiittitintis  which  arx-'umulHU;  tind  jmrfeut  such  variation, 
that  in  Ui  say,  he  implies  a  radical  difference  between  thr 
proccM  of  variation  and  the  procK^s  of  selection.  This,  I 
have  already  said,  doea  not  Beem  t^  ine  acceptable ;  the 
Bcleotion,  1  t:ouc«ivc,  to  he  simply  tho  variation  which 
has  survived.* 

ir  it  be  true  that  a  VorKty  is  an  incipient  8pe«es  and 
ebons  us  Species  in  fonnation,  it  is  in  tho  same  seme 
true  that  a  variation  is  an  incipient  or^n.  A  species  is 
tho  result  of  a  slowly  accumulating  divei]gcuco  of  struc- 
ture; Au  organ  is  the  n-sult  of  n  slowly  nccumiilntiug 
diflerentintion.  At  each  sta^  of  difTerentiatioD  there  has 
been  a  sdeetion,  but  we  caimot  by  any  mmis  say  that 
tliis  selection  was  determined  by  the  fact  of  its  giving  the 
orgitnisni  a  stipcriority  over  ri^-als,  inasmuch  ns  during  all 
the  ciiHy  stages,  while  the  organ  was  still  in  fonnaUon, 
there  could  be  no  advantage  accniiiig  fmm  it.  One  ani- 
mal having  lectli  and  claws  developed  will  have  a  decided 
superiority  in  the  stru<^le  over  anotlier  animal  that  has 
no  teeth  and  dawa ;  but  so  long  as  tlio  teeth  and  claws 
are  in  an  iiDdcvolopcd  state  of  mem  preparation  they 
confer  no  superiority. 

118^.  Natural  Selection  is  only  the  expreasion  of  the 


*  Ur.  Durwin  hu  hlmtdf.  in  tho  foliowing  }aiBag«,  Rt>t«l  >  •omvwlut 
dnriltr  rkn,  and  n^cctcd  il :  "  In  one  irmim>  tliv  cvnitiliuns  of  life  may 
ba  «u<l  nul  onl;  lo  chiim  vjirialillit}',  Imt  llh<'uiw  la  Include  >'Rtural 
StlMtton,  for  the  tonJiltmit  lUlerminr.  leMher  Ihti  Or  thai  varittg  AaU 
turvirt.  But  when  min  U  the  i»l«:lilig  «gi'nl,  wo  clMrly  m*  that  th* 
two  ■^iFiiiHnti)  of  cliangje  an  diitiiKt ;  \\iv  ciiiiditiona  atut*  the  viriatiililj, 
the  will  <i{  man  Ri:t!nK  viChcT  «oniii.'>ou>ly  ot  uncnnaciouiljr  accumulate* 
the  vnriBlion*  in  certain  dinwtioni.  aud  thw  »ii«wrr«  to  tlw  anrvintl  of 
Ui«  fitteat  andcr  nature."  (p.  1S8.} 
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results  of  obscure  physiological  processes ;  and  for  a  »aUs- 
faclury  lliwiiy  of  such  results  we  mast  undcraland  tW. 
nature  of  tlie  prooessei.  In  other  words.  u>  untk-rewnd 
Nntuml  Selection  wo  must  recognize  not  only  the  facts 
thus  expressed,  but  the  factors  of  these  facts,  —  »c  must 
aiialyxv  iiivs  "  L-omlitiuns  of  tixistvncc."  As  a  preliiuiosiy 
uuilyfiis  we  find  eternal  conditions,  among  which  are  in- 
eloded  not  nnly  the  depenilence  of  tli«  orgiutisin  on  the 
inoiganic  medium,  but  also  the  dcjmtidenco  of  one  organ- 
ism on  another,' — the  competition  and  antagonism  of  the 
whole  or^.mic  world ;  and  intenutf  amdUions,  among  wliicb 
are  ini']iid(-d  not  only  llic  dependence  of  the  organism  on 
the  laws  of  coiuposition  and  decomposition  wliercby  «ach 
oig^nite  and  each  tisirno  is  formed,  but  aUo  the  depend- 
ence of  one  on^nili!  and  one  tissue  on  all  the  otlivi-s^ 
the  competition  and  antagonism  of  all  tlm  elements. 

The  cliaii^i-8  wrought  in  an  oTgnui^m  by  tlie«e  two 
kinds  of  conditions  deu-rmine  N'arieties  and  Species,  Al- 
Ukmi^Ii  iimiiy  of  the  obftiigcs  uris  due  to  the  process  of 
natuml  selection  brought  about  in  the  slrugj^le  with  com- 
petJloRi  and  foes,  many  other  clian^'es  hiivu  no  such  rela- 
tion to  the  external  etnigglo.  but  an>  simply  the  results 
of  tlie  or^^nic  aflinities.  They  may  or  limy  may  nut  give 
iha  orgnuism  a  greater  stability,  or  a  greater  advantage 
over  rivals ;  it  is  enouj;h  that  tliey  ntw  no  disadvantage 
to  Uio  orguniMm,  llit-y  will  then  survive  by  virtue  of  the 
forces  which  produced  tliem. 

119.  The  {H>sition  tliii?  nmchod  will  be  imjmrtant  in 
our  examination  of  the  Theory  of  Descent  by  which  Mr, 
Darwin  tentatively,  and  his  followers  boldly,  explain  the 
observed  resemblances  in  structure  and  fnuction  aa  due  to 
blood-relationstlip  Tlie  doctrine  of  Kvohition  atIirm.H  that 
all  oomplex  organisms  are  evolved  by  differential  inn  from 
simpler  iiraaniaros,  as  we  see  the  complex  organ  evolved 
from  simpler  forms.     But  it  does  not  necessarily  all)nn 
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that  the  v&st  variety  of  or^auisms  had  ooe  stUTling-point 
—  one  ancestor;  on  the  contrary,  I  eonoeive  tlmt  the 
prmciples  of  Evolution  arc  adverse  to  sucli  u  vit-w,  und 
insist  rather  on  the  iK^cessity  of  inDumerable  starting- 
poiiJts.     Lot  UH  consider  the  question. 

Tliat  the  Tlieory  of  Descent  explains  many  of  the  facte 
must  Ixi  admitted ;  lint  theie  arc  ntany  which  it  leaves 
obscure ;  and  Mr.  llarwin,  \vith  that  noble  ooliiitiuss 
which  distinguiithea  him,  admits  tlie  uumerotis  diiliciilties. 
Whether  these  will  hcruaftvr  bo  cleared  away  by  an  iin* 
proveinent  in  the  Geological  liecord,  now  confessedly 
itnpcrftiut,  or  by  more  exhaustive  exploration  of  distant 
countries,  none  can  say;  but>  to  my  mind,  the  probability 
is,  that  we  shall  have  to  seek  our  explanation  by  eiilnrg- 
in»  till!  idea  of  Natural  Selecliou,  subordiualin;,'  it  1o  the 
taws  of  Organic  Athiiity.  It  does  not  seem  to  me,  at  pres- 
ent, warrantable  to  assume  Descent  as  the  sole  ]>riaciple 
of  morphological  uniformities;  there  are  other  gixkunds 
of  rcscnililance  beyond  those  of  blood-relationship  j  amd 
these  have  been  too  luucli  overlooked ;  yet  a  brief  con- 
sideration will  disclose  that  similarity  in  the  physio- 
logical laws  and  the  roiiditjons  of  Organic  Affinity  must 
produce  similarity  in  organisms,  independently  of  rela- 
tionship; just  Hit  similarity  in  the  laws  and  conditions 
of  iuorguiic  affinity  will  produce  identity  in  chemical 
speciea.  We  do  not  suppose  the  carbonates  aud  phos- 
phates found  in  various  puil*  of  the  globe,  or  the  families 
of  alkaloids  and  salts,  to  have  any  nearer  kinship  than 
that  which  consists  in  th»  similarity  of  their  elements 
and  the  conditions  of  their  combination.  Hence,  in  or- 
ganisms, 08  in  salts,  morphological  identity  may  be  due 
to  a  community  of  conditions,  ratlier  than  community  of 
(tcacent.  Mr  Duruin  justly  holds  it  to  be  "iucrcdiblo 
that  inilivi<Iuals  identically  the  same  should  have  1>een 
produced  through  Natural  Selection  from  parents  tjKC^ 
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caliy  diMinct."  but  he,  siace  he  aiimiU  iiiialogons  vano- 
tioits,  will  not  deny  that  ideiitifal  foniis  mi^ht  mue  from 
pHraiiU  linvin^  vriduiy  ditruiviil  origins,  |jr(iviOtMl  tbul 
these  parent  fomis  and  the  condttious  uf  theii-  reproduc- 
tion weru  ideutifuil,  a8  in  tlie  c«ae  of  tegetAlile  and  animal 
resemblances.  To  deny  this  vroidd  bu  lo  deny  the  law  of 
causation.  And  that  which  ia  true  of  identical  forma 
nndcr  idvntical  conditions  is  truu  of  Kiniikr  funns  un- 
der similar  conditions.  When  Ui&tory  and  Kthnology 
reveal  a  strikinj;  unifDruiily  in  the  ])ru^iv-8siou  of  social 
phases,  we  do  not  tbeiice  conclude  that  the  uations  are 
directly  related,  or  Uiut  the  «ociul  forms  have  n  coniinou 
parentis;  we  conclude  that  the  social  phases  arc  alikf! 
because  tltey  have  had  couimou  causes  When  chemists 
point  out  the  uniformity  of  type  wliich  exists  in  com- 
pounds iM)  diverse  in  many  of  their  properties  as  water 
and  ftulphurett&l  or  selenette^l  liydrogon,  and  when  they 
declare  phosphoretlcd  hydro^t.-i)  to  be  the  cuu<|uncr  of 
ammonia,  they  do  net  mean  that  the  one  is  descended 
from  ihe  other,  or  tlint  any  closer  link  connoi-ls  ihcm 
than  that  of  rc«enib)ance  in  their  clcnicnta. 

In  the  cose  of  vegetal  and  animal  or^anismn,  vre  ob- 
serve Buch  a  community  of  clcineuturv  ^uL^iaucc  us  of 
itself  U>  imply  a  community  in  their  laws  of  combina- 
tion ;  and  under  similar  conditions  the  uv^ilved  funns 
must  b«  similar.  With  tliis  community  of  I'lcmcnlaty 
substance,  there  are  also  diversities  of  Hul)stance  and  of 
co-operanl  conditions;  corresponding  with  Uicsc  diversi- 
ties thciv  must  he  diffcrenctw  of  form.  Tliiw,  although 
observation  reveals  that  the  bond  of  kiusliip  docs  really 
unite  many  widely  divergent  forms,  and  tlie  princijile  of 
Descent  with  Natural  Selection  will  account  lor  many  of 
the  resemblances  and  diBerences,  there  is  at  present  no 
warrant  for  a.«.^uming  that  all  i-csemblances  and  differ- 
enoes  are  due  to  this  one  cause,  but,  on  the  contrary,  we 
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Ijcodn,  and  firHbn,  ve  taaj  tasSj  lujif—t  tbe  pmenee 
nf  BUoikr  of^^nie  condhiom  {aodnetDg  Uw  *"™''— ^''j* ; 
bvt  it  requires  s  ■tnag  bitli  to  nngn  Dneeal  «  tbe 
caase  *  We  n^  uj  the  mate  of  Uie  deetne  «aguu 
pewMied  by  mvto  specie*  of  Sell,  Moaghig  to  five 
vUdj  aqnnlcd  genen.  Aitboa^  taA  ■pcciei  appean 
fas  bsve  a  limited  ge(^s7Bp)iical  mage,  one  or  liw  atber  ia 
foand  in  aloKKt  tvi^  jnrt  of  Ibc  ;;lobe.  These  orgMU 
oceap7  different  poeitions,  being  now  on  eacb  aide  of  the 
bead,  now  along  Uw  bod;,  and  now  along  Uie  tail ;  and 
in  diBerent  speciea  tbey  are  innervated  from  dlflerent 
•onrees,  Tliorr  iiitiinau^  structure  alM  varies ;  as  appcan 
from  tbo  remarkable  investigations  of  Max  SclioltZP.t 
They  raniiot,  llierefore,  be  liomoIngousL  How  ooulil  tlicy 
liave  arisen  f  Not  by  tlic  stow  aocumulations  of  Katural 
Selection,  because,  until  tbe  organs  were  fully  fonned, 
they  could  be  of  on  advantage  in  the  struggle ;  hence  tbe 
slow  growth  of  Ibe  organ  must  have  proceeded  without 
the  aid  of  an  advantage  in  the  struggle  —  in  each  case 

*  'I'lii-Mi  Iiimlnoiii  nrgnna  woaU  furniili  u  intemting  di^rarinii  if 
wptcn  jimiiittnl  it.  T)i«  stailcnt  it  nCrrmI  t«  thi  <;lix|<irr  in  Uiurs 
GiiWAIitm'*  tefmt  lur  In  pkywletogii  tt  lAtiAlomif.  Ctmpartt,  1SS3, 
VIII.  94,  H|.  LrTbia,  HiMtlogic,  1807.  p.  313.  Kolukek,  MitnteBp*- 
cat  Jtumal,  IMS.  VIII.  KB,  and  Max  SoH(fl.rXK,  An*iv  fitrmitm. 
Jnal;  IMi,  !>.  111.  Mjr  rru<nil  Hclin.TXK  wia  kind  enough  to  dioir 
HM  innit  of  hU  prxjmrntlanii  of  tlm  or;^iii  of  ttmpyrit  aplmilulala,  tnm 
which  tlw  itrawJusi  in  hU  memoir  yen  nmlv.  Tli«y  muiTidpd  nw  ef 
tb*  Vlecltir  oi^ns  in  rihlica  by  n  crrtnin  fAint  nnnlnKJ'.  the  trachea  In 
tha  ODD  huldlnn  llio  [luililoii  of  iin-vra  In  the  other.  1  niiy  rrcurt,  in 
puiinit.  Ilint  it  ii  not  ovety  jibaiphmriceiil  ntiimul  titnl  hu  liittinct 
lumitjout  orpui*,  Tliirti  l«  a  lianl  {l^ftvAitiyliin  ffnia)  whieh  oce«- 
ilonnlly  bmunr*  luminnui.  "  A  kiiigriilKr  cimimittaiiec  ociMlltrd  to  the 
coloniiil  nirgeoii,  who  tetatnl  it  to  me.  He  wiu  lyinf-  anak*  in  hot 
■hsn  k  liiaM  ffll  frum  tlix  ciiiliiig  upon  tlie  tup  of  )>!'  iiKmgiilta-cnTtain ; 
•t  tli«  RiAmflnt  of  tourhing  It  tlio  Itainl  bBCAinc  hriltinntlj  luminotu, 
Ulnmintllni;  the  objecb  in  the  neiRhbarhoad,  mueh  to  (he  ulonuhmmt 
of  (h<  doctor. "    CnLiJNOwooD,  RanMaB/a  Haturaiiil,  18flS,  p.  ISO. 

+  Mas  BcHKi.nit,  Jfiir  Ktntttnia  dkr  atOritAen  Oryatu  dtr  FitAt, 
ieS8-Bi 
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front  some  analogous  conditions  whicli  produced  a  dif- 
fereatiation  in  certain  muscles.  Thu  fumlumental  resem- 
blance to  muscles  was  pointed  out  l>y  Curtis  lung  ago. 
It  lia$  lieen  insisted  on  by  I>)ydig:*  Bud  Owen  says, 
"Tbe  row  of  oompresstd  ci-lls  conatiiuting  the  electric 
prifln]  of  the  Totpedo  oSevn  aoiue  aiialnj^y  to  the  row  of 
miCTusoopic  disco  of  vrlucli  tins  elementary  muscle  fibre 
appears  to  consist"  t  ^'^  must  not,  however,  forget 
thut  Uie»o  resemblances  nro  niorcly  such  as  KU'^i.'st  that 
the  electric  organ  is  a  difftrtnUation  of  the  substance 
whifh  i-lscwheni  becomes  muscular,  and  that  Dr.  l>avy 
was  justified  in  denying  the  organ  to  be  muscular.  § 
That  it  is  subfttitulcd  for  miisclo  cannot  be  doubted. 
Now,  although  we  are  entirely  ignorant  of  the  conditions 
which  cauite  ibis  difTvrentiution  of  sub»tance  which  else- 
where  bec»mes  musciUar,  but  here  becomes  electric  organs, 
wo  can  understand  that,  when  once  sucb  a  development 
luul  taken  place,  if  it  in  any  way  profited  the  liah  in  its 
straggle  for  exi.'*tcnoe,  Katunil  Selection  would  tend  to 
its  further  increase  and  propagation.  So  far  Mr.  iMrwin 
carries  us  with  him;  but  wc  decline  proceeding  further. 
The  development  of  Uiese  oi^gans  in  fishes  ho  widely  re- 
moved, does  not  imply  au  ancestral  community.  It  is 
intCTpretable  as  mere  growth  on  a  basis  once  laid;  and 
therefore  would  occur  with  or  without  tiny  advantage  in 
the  »tni^l«  with  rivals.  The  similarity  in  concurrent 
conditions  is  quite  enough  to  account  for  the  re-temblance 
in  stnictutv.  This,  with  his  accuatomcd  (.anilnr,  Mr, 
Darwin  admits.  "  If  the  electi-ic  organs,"  ho  saya,  "had 
been  inherited  from  one  ancient  progttnitor  thus  provided, 
we  might  have  expected  that  all  electric  fislics  would  be 
specially  related  Ui  each  other.     Nor  does  Geology  at  all 

•  Lktdkv  niAiUti<t,  1W7,  p.  *5. 

t  Owr.K.  Anatimf  a/ tit  VtrlelmUa,  ISCG.  1    35S. 

;  Dayt,  AtNonktf,  PkgtMogieat  and  AiuttomiMl,  1S9,  I.  33. 
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]l>&(1  to  tho  Icliof  that  funncrly  most  fishes  had  «lGCtric 
ot]gans  wtiidi  most  of  tlieir  inodiited  desceodants  liav* 

121.  It  may  seem  stmngc  tliat  he  should  urge  a  diffi- 
culty against  hia  hypothesis  wheu  ic  couU  iiu  nvoidvd 
by  tlto  dimple  adoiistiiou  that  evi-u  amoug  Dearly  alhed 
animals  great  difTerences  in  development  are  olisen'abW, 
and  tlui  electric  orgaus  might  be  mngwl  under  such 
diversities,  ftut  Mr.  Darwin  has  so  thoroughly  wmitght 
OBt  his  scheme,  that  he  foresees  most  objucttons,  and 
r^htly  suspects  that  it'  this  principle  of  divergent  ileveU 
opmeut  be  uiiiiiittt,-d,  il  will  cut  tliu  gi'uuiiil  from  under  a 
a  ^'ast  amy  of  facts  which  his  hypothesis  of  Descent 
r«quii'ea. 

The  sudden  appearance  of  new  organs,  not  a  trace  of 
which  is  (Uscernible  in  the  embiyo  or  adult  form  of  organ- 
isms lowur  iu  tliu  scalo,  —  fur  instance,  tlie  phoaphoresoeiit 
and  electric  orgaus, —  is  like  the  sudden  np)>camiici!  of 
new  instrunicutfl  in  tlie  social  ui]g8ntsu),  such  as  ttie  print* 
ing-press  and  Uio  railway,  wliolly  inexplicable  ou  tbo 
Uieory  of  Descent,*  but  is  explicable  on  the  theory  of 

"  "  If  it  MulJ  tw  dtmnnitrati'd  that  utj  coniplpi  nrjtnn  rii*Inl  which 
■^auM  iitit  [HiHlbly  hart  been  roRn«l  by  numemu  luccnsivB  iljght  nodi- 
ficBtion*.  iiiji'  thn>r7  wiiiiU  abwlulcly  bnak  <ia*ii." —  Dakitik,  Onfm 
</^aKt,  Sllinl,  (I.  '237.  In  tavctkl  puMgr*  inalMciic*  In  miulaon  tki*. 
"Natuni  non  firit  nltum ~  mnj- Iv  porTcctlf  true;  hul  "ilhout  itnpugn- 
\ug  III?  Ijiw  or  Ci-iitinuity  vv  uiiy  titjp  (h»t  Xht  Iav  of  UisfonttniiilJ 
il  w|nal1y  tniv.  Thr  niio  in  itn  nhatnicl  Ideal  conc^Il^n  ;  iht'  ullivr  la  a 
cADCR'ti'  iili-al  rnnccption.  Acwtdinn  to  the  our,  cvny  «haii0i  from  neat 
tu  niotion,  nr  from  oiiR  alait  tu  aiiolkcr,  muat  pan  tlimugh  infautn ;  •»' 
imriliHK  '"  *!"■  wthsr  wnrj  chanjt*  U  abnijit  lii  my  FiM  S«rt«a,  Vot.  I. 
p.  3S7.  t  h»ri}  ihiinii  how,  on  mrrdiaiiical  {itinEiplca.  rvm  cbnnjte  in  as 
npiniitii  iniiat  b«  ibnipt.  A  gtanca  at  tlw  nwbaaMphcaca  of  th«  ew 
bryo,  or  tli>'  KtaeiTi  at  inuitt-dDvnlapnNil,  vIU  Aow  vay  tiuUrii  and 
abnipt  cbnncH.  Ijet  rm  alao  cite  Ur.  tlunrtn  afpinat  hinnelf :  "  When 
w«  ^'lllT^1t>c^  auch  caan  n  the  ronnatjan  of  the  more  complex  gallt,  a»d 
rrrliiiti  iiiiiiialrnnlllni.  vhluh  ranaot  be  Me«aBt*d  lor  by  mvniDn,  robfr- 
«on,  ric,  and  mtMm,  drmlglg  asrM  dwtWfwi*  ^Urnaun,  tub  M 
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O^uiie  Aflinity.  For  observe:  if  we  admit  that  diflbN 
vntiationa  of  Etruclurv,  niid  Uic  sutldi;ii  appenniiiL-u  of 
organ!),  cnii  have  arisen  spontaneouaJy —  l  e.  not  heredi- 
tflrily  — lu  tli«  uutcoiiiv  or  certain  eliaiiged  |>liysi<.'al  con- 
ditions, we  can  liardly  refusn  to  cxtt-iid  to  the  tvliolo 
•uganism  wiiut  we  admit  of  a  particular  oigan.  IT.  iv^ia, 
we  admit  that  orsiius  very  siiuilur  in  structure  and  func- 
linii  spontaneously  appear  iu  ot;ganisin.i  of  wid«:ly  ditl<ur- 
fut  kinds  —  o.  •^.  tbu  [>liosphoresccnt  and  electric  or^ana 
—  we  niust  also  admit  ibat  similnr  resemblances  may  pre- 
sent tlicmsi'lves  in  organisms  having  a  widely  dtfleront 
parentage;  and  thus  tlie  iidinission  of  the  spontaneous 
evolntion  of  closely  resembling  organs  carries  with  it  tlio 
admission  of  the  spontuiieoiu  evolution  of  cloHcly  tvsem- 
bling  or^ianisms :  timt  tlie  protoplasm  of  muscular  tissue 
should,  under  certain  chaiigL-d  coudiliuns,  develop  into  the 
tiasae  of  electric  oi^ans,  is  but  one  case  of  the  law  that 
»i]zanijH.-d  subslttuw)  will  develop  into  oi^nbms  closely 
resembling  each  otiier  when  the  conditioas  Imvc  bceti 
similar. 

122.  It  is  to  be  remarked  that  Mr.  Darwin  fixes  his 
atteiitiou  sonivwiiiit  too  fxilusively  on  tliu  ik):i]>Iiitiona 
which  arise  durin^j  the  external  stru^le  for  existf;oce,  and 
lo  that  vxtent  neglects  the  laws  of  (Hgauic  aflinity ;  jusi 
as  Lamarck  loo  excliiJiively  fixed  his  attention  on  the 
influence  »(  exlomiil  iwndilions  and  of  wants.  Nut  that 
Mr.  Darwio  can  be  said  to  overlook  the  oipmic  laws ;  be 
simply  undeteatimatoH  the  part  they  play.  Occaaioually 
he  seoms  ai-rcsU-d  by  Ibcm,  an  when  ini^tancing  thu  "  Iniil- 
ing  paira  iit  the  Malay  Archipelago,  which  climbs  Urn 
loftiest  trees  by  the  nid  of  extjui«it«ly  constructed  books, 

llw  aifiearaiiraof  >  m<m-ro«»  on  n  rannnan  nnr,  m  mum!  adniit  tlmt  tli« 
M^Dinltaii  of  Ilia  <ti<lir|ilunl  i«  ifi|>*bl«  lliMiifih  lU  e<m  lava  ef  jroitOt, 
»niitr  tirlain  etnufHims.  of  iinikrxoinK  Krrat  miHliKt'ali'nlt.  ii)(|pprii<lt<nt 
I'fUir  gTBiIiial  wcnnjulnlinn  of  ilu,')it  ililimtril  moiliiicatioiiii."  — OrtQin, 
^  151.    S«u«1m  uoIv  lo  f  130,  furltier  uii,  \>.  It2. 
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clnsleml  aroum)  the  endi  of  the  branches,  and  this  conttiv- 
aaoe  bo  doobt  is  of  the  hi^ht-at  scntcc  Ui  lliu  |iluiil ;  but 
M  there  are  nearly  aiinilar  hook-i  on  many  treei  wiiicb  on; 
not  climbers,  ibo  hook*  011  lite  palm  may  have  arisvu  from 
unknown  lawa  of  grovrtk,  and  have  been  oubeequeatly 
taken  advanta^  v(  by  thv  plaiil  midcrguin^  further  mod- 
iSeation  aiiil  becoming  a  climber." 

12.T  1  come  round  to  the  position  (mm  whicb  I  started, 
that  the  reaembtances  traceable  amon^;  animals  are  no 
proof  of  kinship ;  even  a  resemblance  so  close  as  to  defy 
discrimination  would  not,  in  itaclT,  be  sucb  a  pruof.  The 
ab«»Uile  identity  of  chalk  in  Australia  and  iu  Europe  is 
a  proof  that  thure  was  ahsoIut«  identity  in  the  formatJve 
oCHxlitions  and  the  constituent  elements,  but  no  proof 
whatever  that  the  two  sulMtanocs  were  originally  con- 
neotad  by  genesis.  In  like  manner  the  similarity  of  a 
I^ant  or  aniinal  in  Africa  and  Europe  may  be  due  to  a 
comirion  kinship,  but  it  may  also  lie  due  to  a  common  hit- 
lory.  It  ia  indeed  barely  cooceivablu  that  the  history, 
from  Gntt  to  Wt,  would  ever  be  so  rigorously  identical  iu 
two  part^  of  the  globt;  ns  to  produce  complex  identical 
forms  in  both;  because  nn^  diversity,  either  in  structure 
or  external  conditions,  may  be  the  starting-point  of  a  wide 
diversity  in  snbsctiuent  development ;  and  the  case  of 
o^nic  combinations  is  so  far  unlike  ihc  inoi'ganic..  tliat 
while  only  one  form  is  jKissiblo  to  the  latter  (chalk  is 
either  formed  or  not  formed),  many  fonus  are  pouible 
to  organic  elemonU  owing  to  the  complexity  and  indefi- 
niteness  of  otganic  composition.  But  ultbough  forms  so 
allied  oa  those  of  Spccioa  aro  not  readily  aasignabU>  to  an 
identical  history  in  ilifTerent  (luarlers  of  the  g^ibe.  it  is 
not  only  iionciiivable,  but  is  cioincnlly  probable,  that  Or- 
dera  and  Classc-'*  have  no  nearer  link  of  relationsliip  than 
is  implied  in  their  community  of  organized  substance  and 
their  common  litstory.     The  foot  that  there  is  not  a  single 
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mamtnal  common  to  Europe  und  Anstmlia  is  explicable, 
aa  Mr.  Darvrin  explains  it.  on  Uie  ground  that  migration 
has  heeu  iinpossililc  to  tlieiii ;  liut  it  is  also  vxplicublu  on 
the  laws  of  Evolution  —  to  have  had  mammals  of  the 
sjime  Apecies  and  genem  would  imply  a  niinnt«  coinci- 
dence in  ihcir  history,  which  is  ugniust  the  probabilities. 
Again,  in  the  Oceanic  Islanda  there  are  no  Itatrachiaus ; 
but  then;  avK  ItL-ptiles.  unci  these  couform  to  t)ie  reptilian 
type.  Mr.  I>ar«in  suggusta  that  the  absence  of  Iktrachia 
is  due  to  the  impossibility  of  ini^'mtion,  Ibcir  ova  being 
destroyed  by  salt  water.  But  may  it  not  be  due  to  the 
divergence  fh>m  the  reptilian  typo,  which  was  efieeted 
elsewhere,  not  having  tnlceii  place  in  these  regions  i 
When  we  find  the  metal  Tin  in  IVusiiin  and  f^niwall, 
and  nowhere  else  in  Knroiic,  must  wo  not  conclude  that 
'  in  these  two  countries,  and  nowliere  else,  a  peculiar  con- 
junction of  conditions  caitscd  this  peculiar  evolution  7 

l'2'L  The  question  at  issue  is.  Are  the  resemblances 
obsen'oble  nuiong  organic  forin.s  due  to  remote  kinship, 
and  their  diversities  to  the  divergences  can.*!^!!  by  adap- 
tation to  new  conditions  f  nr  are  the  resemblances  due 
to  aimilaritie»,  and  the  diversities  to  dissimilarities  in 
the  suhg/anee  and  hiMory  of  organic  beings  ?  Are  wo  to 
assume  one  starting-point  and  one  centre  of  creation,  or 
mnny  similar  starting-points  at  many  centra  f  So  fat 
from  believing  that  all  plants  and  animals  had  tbeirorigin 
in  one  primordial  cell,  at  one  particidar  sjjot.  from  which 
desoendancs  migrated  anil  became  diverBiRed  under  the 
diverge  conditions  of  their  migration,  it  seem.*  in  me  more 
consistent  with  the  principle  of  Evolution  to  admit  a  vast 
variety  of  origins  more  or  hsw  resembling  each  other; 
and  this  initial  resemblance  will  account  for  the  similurl' 
ties  still  traceable  under  the  rarious  forms;  while  the 
fnrty  tiijfltrmcct,  becoming  intensified  by  development  nn- 
der  diOerent  conditions,  will  yield  tlie  div«niitiG&    The 
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evoIuUoa  of  oTgatiUciis,  like  the  cvoiutmn  of  crystals,  or 
tile  fivolutioD  of  islands  nnd  contiucuts,  is  (Ictcnuincd, 
1st,  by  laws  inh/rrviU  in  l/u  vubslances  evolrtJ,  Biii),  ^<i,  by 
reUtions  to  llio  niixlitim  iri  wLicti  the  bvoluciuu  tukcis 
place.  Thia  being  so,  we  may  d.  priori  aflirm  lliat  the 
resultant  forms  will  Iiavu  a  community  strictly  conut|)oiid- 
ing  with  the  resemblatice  of  the  siibtitiincca  and  their  con- 
ditions of  evolution,  tc^Uier  with  a  divcnttly  coirc-^iioud- 
ing  with  tlieir  diiferciiccs  in  sulistauuu  and  conditions.  It 
is  usually  8uppo^  that  the  admia.4ion  of  separate  "cen- 
tres of  creation  "  is  luntaniouut  to  as  admission  of  "  suc- 
cessive crealious"  as  interpreted  by  the  majority  of  ttioeo 
who  invoke  "creative  finis."  But  tho  doctrino  of  Evolu- 
tion, which  regards  Life  aa  making  its  appearance  nnue- 
qwcnl  vpan  a  cmcuriYna:  of  tifjiniit-  cmuiitwnt,  and  regards 
the  speuilic  forms  of  Life  as  the  necessary  coiiseqniuices 
uf  8|iecial  circii»i»t.iiico8,  must  also  accept  the  probability 
of  Biniilur  conditions  occurring  at  dill'erent  tinii'R  and  in 
different  places.  L"i«on  what  gixtiind.*,  cosniit-iil  or  bio- 
logical, are  we  to  assume  that  on  only  mie  microscopic 
spot  of  tliis  developing  planet  such  a  group  of  conditions 
was  found  —  on  only  one  sjiot  u  particle  of  protein  sub- 
atance  was  formed  out  of  the  abundant  elemeula,  and 
under  conditions  which  causetl  it  to  grow  and  multiply, 
till  in  time  its  doscendantA  overran  tiie  globe  ?  Hie  Ity- 
pothesis  that  all  organic  forms  are  tlie  dcsccuthints  of  a 
single  perm,  or  of  even  a  few  germs,  and  are  therefore 
united  by  links  of  kinship  more  or  leas  remote,  is  not 
mote  acceptable  than  the  hypothesis  that  all  Uie  carbon- 
ates and  pliosplmtcs,  all  the  crystals,  and  all  the  strata 
found  in  dilTerent  parts  of  the  globe,  are  the  descevdantt 
o/  a  tingii  moUeule.  or  a  few  molecules ;  or,  —  .linci-  tliis 
may  seem  too  extravngnnt,  —  than  that  the  various  mala- 
dies which  nfllict  organic  beings  are.  in  a  literal  s«ns% 
ntemben  of  familia  having  a  nearer  relationship  tlian 
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Uiat  of  being  Um  phcDomena  manifcsUKl  liy  similar  oi^^^iuu 
under  similar  cooditiooa —  a  conception  which  migltt  have 
bovii  awwpted  by  ihoae  metaphysical  pnthologisU  who 
regardwl  Disease  ox  au  c-ulity.  Few  phUoeopliera  have 
any  hfJiitalion  in  HUppoaing  tliat  otlier  planeU  besides  our 
owti  an;  peopled  with  (ir^ani<!  rorniii,  thuugh,  from  tlie 
great  (tifTcrences  in  the  conditions,  tliese  forma  mu&t  be 
&xtre)n«1y  unlike  iho^  of  our  own  planet.  If  wpariLtc 
woiiil^,  why  not  separate  ccntrea  ?  The  conclusion  seems 
inevitabli!  that  vlierever  and  whenever  tlie  state  of  things 
p(.Tinilt4:d  that  peculiar  combiuutiuri  of  eU^iin-iits  known 
aa  organiiied  substance,  there  and  then  a  centra  waa  estab- 
listteil  —  IjIc  had  a  root  From  Hints  cloeely  resembling 
each  other  in  all  essential  characters,  but  all  more  or  less 
dim-rent,  there  have  boon  dtivelojtcd  tiio  various  stems  of 
the  "ivat  tree.  Myriads  of  rctots  have  probably  perished 
witliotit  is«u!- ;  myriads  have  dcvclojwd  into  forms  bo  ill- 
adaptod  to  sustain  the  fluctuations  of  the  madinm,  so 
ill-filtcd  for  the  stniggle  of  existence,  that  tlicy  became 
extinct  before  even  our  oraanic  record  begins ;  myriads 
have  become  extinct  since  then ;  and  tlie  descendants  of 
those  whicli  now  survive  are  like  the  shattered  regiments 
and  comjianies  after  some  terrific  battle. 

133.  There  seems  to  me  only  one  allcrmitivc  IngicaDy 
permissible  to  the  Evolntion  Hypothesis,  namely,  that  all 
organic  fona*  have  had  cither  asiiijilc  orij;iiJ,  or  else 
uumerous  origins;  in  other  words,  that  a  primordial  cell 
van  the  nlarting-itoint  (Vom  which  all  organisms  have 
been  successively  develojwd ;  or  lliat  the  dcvclopuieut 
issued  from  many  in<lependent  starting-pointa,  wore  or 
1«89  vaiiwl.  This  is  apparcnlly  not  the  «»|ipct  presented 
by  the  bypolhesia  to  many  of  its  advocates ;  tbcy  seem 
bo  consider  that  if  all  or^tnic  forms  are  not  the  lineal 
descendanta  of  one  progenitor,  tlioy  must  at  any  rato  be 
the  descendants  of  not  more  than  four  or  five-    The  com- 
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mon  )>elief  inclines  to  ona  Mr.  Darwin,  whose  caution 
is  »!)  rttiiiarkublu  its  liiy  <;ouni<^-,  and  whose  candtir  is 
delightful,  lieaitatea  as  to  which  conclusion  should  be 
adopted  :  "  J  caimot  doubt,"  ha  says,  "  that  the  tiieoiy  of 
descent,  with  moditiciilioiis.  liuibrucea  idl  thw  luembera  of 
the  isaino  class.  1  believe  that  animals  have  descended 
from,  at  most,  only  four  or  five  |ii'ii^i; niton,  and  plants 
from  an  equal  or  leaser  number.  Analogj-  would  lead  me 
one  slup  furtlior,  niiniely,  to  tlic  Iwlief  that  ail  nniiuuU 
and  plants  have  descended  from  some  ono  prototype. 
But  analogy  may  l>o  a  deceitful  guidi^*' 

I2C.  1  CiUiDUt  see  iho  uvJdcuco  which  would  wurnint 
the  belief  that  Life  originated  solely  in  one  microscopic 
Itimp  of  protoplasm  on  one  single  point  of  our  e'lrth'n 
siiri'ace ;  on  the  contrary,  it  is  more  probable  that  from 
iuunmerable  and  separate  point*  of  this  teeming  earth, 
myriads  of  protoplasts  sprang  into  existence,  lelitntver 
and  wfurnvr  the  conditions  of  the  formation  of  organized 
substance  were  present.  It  is  probable  tliat  this  has  been 
incessantly  going  on,  and  that  every  day  neur  protoplosta 
appear,  stru^le  for  existence,  nnd  serve  as  fixxl  for  more 
highly  organized  rivals ;  but  whether  an  evolution  of  tlio 
lower  forms  is,  or  is  not,  still  going  on,  there  can  l>e  no 
reluctiince  on  the  ])nrt  of  every  believer  in  Evoluliun  to 
admit  that  when  organized  substance  was  first  evolved,  it 
was  evolved  at  many  points.  If  Ibis  be  so,  the  commu- 
nity observable  in  organized  substance,  wherever  found, 
may  as  often  l>e  due  to  the  fact  of  a  common  elementary 
composition  as  to  the  fact  of  iuhcritancLV  If  this  be  so, 
we  have  a  simple  explanation  both  of  the  fundamental 
reaetidtlaticcs  which  link  all  organisms  logctbcr,  and  of  the 
cliaractcristic  diversities  which  separate  them  into  king- 
doms, classes,  and  ordersL  Jiw.  reAcmblances  are  many, 
and  close,  Wcausc  thu  funus  evolved  had  •  etmilar  ele- 
mentary composition,  and  their  stages  of  evolation  were 
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determined  by  similEur  cottditioiis.  Tlio  diversities  ore 
many,  becaiisu  tLe  Tornii  evolved  hail  from  the  lirat  some 
diversities  in  elementary  comiiositiou,  and  ihcir  sUi^ 
of  evolution  were  determined  under  conditions  which, 
thou<;h  similar  in  general,  Imve  varied  iu  jxntictilurs. 
Indeed,  tlicre  ia  no  otliei-  ground  for  the  resemblances 
aiid  differeuccs  among  organic  beings  than  the  siiiiilari* 
tiis  and  dissimilarities  in  their  Subs Utnce  and  History; 
and,  whether  the  similarities  are  due  to  blood-relation- 
ship, or  Iu  other  causes,  the  results  are  the  same.  There 
is  soTiietliiug  seductive  in  the  supposition  tliat  Life  radi- 
atod  from  n  single  centre  in  cvcr-iucreasiDg  circles,  its 
forms  beconiiii]^  more  and  more  various  as  they  came 
under  more  various  ooiiditioii-«,  until  at  last  the  whole 
enrlh  was  crowded  with  diversified  existences.  "  From 
one  cell  to  myriads  of  complex  oiganisms,  through  count- 
less (eons  of  develo]iment,"  is  a  formula  of  specukti\'e 
grandeur,  but  1  Ciniiiot  brin;,'  myself  to  accept  it;  aud  I 
think  that  a  lingering  influence  of  the  tradition  of  a  "  cre- 
ntivi'  fiat"  may  lie  traced  in  it*  conceptlou.  May  we  not 
rather  assume  that  the  earth  at  the  dawn  of  Life  was  a 
vast  germinal  membrane,  every  slightly  diversified  point 
producing  its  own  vital  fonn ;  aud  these  myriads  upon 
myriatls  of  forni!<  —  all  alike  and  all  iinhke^ — urged  by 
the  indwelling  tendencies  of  development,  st  niggled  with 
each  other  for  existence,  many  failing,  many  victorious, 
the  victors  carrying  their  tents  into  iJie  camping  ground 
of  the  vanquished  ?  The  point  raised  is  the  inuncnse  im- 
probability of  ui^gunizctl  substance  having  been  evolved 
only  in  one  microscopic  spot ;  if  it  wen-  evolved  iit  more 
than  one  spot,  an<l  under  slightly  varying  conditions, 
there  would  necessarily  have  iiriscn  in  these  earliest  for* 
mations  the  initial  diversities  which  afterwards  determined 
tlie  e.ssential  independence  and  dllference  of  organisms. 
129.  Let  us  for  a  moment  glance  at  the  resemblances  and 
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divei'gitios  observable  in  kII  otgaiiJsms.  All  liai'c  a  nmt- 
mon  liom.  alt  beipg  constnictvd  out  of  Uib  same  funda- 
meaUJ  elements:  carbon,  hydrogen,  iiilm^ttti, oitil  oxvgen; 
these  (llie  oi^^uogeo*,  ua  Uicy  uru  iniuiuil},  uitli  jury- 
ing wldiUons  of  Bome  other  elements,  make  up  wlial  ve 
know  as  Oi^nic  Substance,  vogct«l  and  nuiiiial.  Auollier 
pcctiliariiy  all  organisms  have  in  voinuiou.  namely,  that 
tliuir  tnuticr  ts  ueithcr  solid  nor  liquid,  but  viscid.  Be- 
side this  community  of  Subsianee  we  must  now  ]ilac«  u 
coiDuuiuity  of  History.  All  oiyaiiisms  grow  and  mul- 
tiply by  the  same  process;  all  ))ass  (lirough  mciantorphic 
sttip.^^  ouding  ill  deatli ;  all,  except  the  very  simplest, 
dilfer<.'ntiato  piirt*  of  lltc-ir  subaturict*  ior  spmial  u.'tes,  and 
tlieiie  [MirU  (cilia,  membranea,  tubes,  inlands,  muscks, 
nerves)  liavc  similar  cliarucU-ra  in  wiiatevei'  or^nisni 
tliey  appear,  and  their  development  is  always  similar,  so 
that  thu  rinisi'ks  or  uervtMi  of  an  iutL-stiuul  worm,  a  li.rl>- 
ster,  or  a  man,  are  in  structure  and  hLitory  I'uudameutally 
ftlike.  Whuii,  thci\;rore,  tvc  seo  that  there  is  no  biolf^cal 
diaracter  of  fundamental  importance  which  is  not  uni- 
vonal  thix>iighuut  th<!  oi^uic  world,  wlicii  wc  see  that  in 
Structure  and  History  alt  organUms  have  a  eommunily 
pcrviiiliut-  every  variety,  it  i*  difticuU  not  to  draw  the 
conclusion  ituit  somo  hidden  link  connects  all  oi^ganisms 
into  one;  and  u-hen,  further,  it  is  seen  that  the  most 
diver^'etil  fi>rriis  may  be  so  nrrauged  by  the  help  of  inter- 
mediate forma  only  slijjilitly  varj-iDg  onis  from  the  other, 
that  the  extreme  ends  —  the  monad  and  the  man  —  may 
be  connfctcd,  and  a  genealogical  tree  constructed,  which 
will  group  all  forms  as  modified  desci-mliinU  from  a 
singlu  form,  the  hypothesis  that  kinship  is  the  hidden 
link  of  which  we  are  in  search  becomes  more  and  more 
cogent^ 

130.   But  now  let  the  other  asi>ect  be  considered.     If 
there  13  an  imniistAkuhlu  anifomiity,  there  is  also  a  diver- 
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aity  no  less  unmistakalile.  The  chemkal  compoaitioii  af 
oigauio  subfUuiotw  Is  various-  Unlike  itioij^iitc  sub- 
atances,  tiio  coinposiuon  of  wliich  is  ri-^nsualy  delintt«, 
oiganiv  suUtlances  arc,  witbiu  narrow  liuiiw,  vuriablu  in 
comiweiliun  (§  45). 

I  |ia^<i  ovev  the  resemblances  and  diHerences  obften'ed 
in  Uiu  curliest  stages  of  dovclopmcnt,  luurkvd  as  tti<.-y  are. 
and  direvl  attention  to  the  lact,  Uiat  down  at  what  must 
be  ooiiHidvix'd  the  very  lowest  orf^aiiic  rx^^gion,  wo  rucvL 
with  difleivnces  not  less  slrikiii^  tliim  thoso  met  with  in 
tli«  hi^lMtil,  ue  find  structure-^  (if  AUuctuntfi  they  may  be 
calliM),  which  caouot  be  aflilifttcd.so  widely  divci^^ciit  u 
ttieir  t:uni{toHiliun.  '11iq  struoturelesit  vibrio,  for  example, 
is  not  only  L'ui>ablu  of  living;  in  a  nicdititu  dustiluto  of 
oxy^u,  but  is,  accordinjj;  to  M.  I'asteur,  actually  killed  by 
oxyjjcn  ;  whcretis  the  oiiially  Miuple  !iact«ria  can  no  mora 
dispense  with  oxygen  than  other  nniuials  can.  Consider 
for  a  mouiL'Ut  the  dilfumticus  implied  in  the  fact  that  one 
organism  cannot  even  form  an  enveloping  membnvne  to 
contain  its  protoplasm,  whereas  anntlii!r  contrives  to  se- 
cictv  an  exquisite  shell ;  y<!t  between  the  naked  IChizopod 
and  the  shelled  Uhizopod  our  lenses  and  reaitents  fail  to 
detect  a  dilTtireucv.  One  Moniici  can  awtimilate  food  of 
only  onu  kind.  nnoUier  Monad  assimilates  various  kinds.* 
What  a  revelation  of  cheniiral  diili'reiices  ap[iearB  in  the 
obst^n' At  lulls  of  M.  I*)wl«ur  ri>s|jcctiii';  tlio  vibriw  and  bac- 
teria, in  a  fermenteecible  liquid  —  the  former  boj{inning 
the  putrid  fermentation  which  iho  latter  cfimjilcte-'*!  We 
cannot  doiiht  that  some  marked  difference  must  exist  be- 
tween the  sin};le-celled  nrgnuisin  wliich  producer  alcoholic 
feniK'nUiliun.  and  that  which  )>roduces  ac&tic  fcrmiintfl- 
tion.  and  that  a^ain  whi^h  proiino^'s  butyric  fermentation ; 
and  if  we  find  distinctious  thus  established  at  the  lowest 

•  On  tlw  Kulritinn  of  Jtonodx.  tee  tho  trmiirkiiblo  nicnioir  by  CilK- 
KOWOkl,  in  Uie  Arthivfttr  mikm.  Anotetnit,  [.  S2I,  <n\. 
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r^on  or  the  organic  serici,  we  need  not  marvel  if  tlic 
(li&tinctiuns  becoiuu  wider  iiaU  inure  iiuinvixtiis  aa  the 
series  becomes  iiioro  divereilied.  The  structure  anil  duvel- 
opniL-ut  of  un  oi^»ixiu  are  dejteniluiil  on  Die  allinilics  of 
its  constituent  molecules,  and  it  i«  a  liiulugical  principle 
of  great  inijwrtance  which  Sir  Jaines  I*ngt>t  insi^ls  ou, 
when  iw  shows  how  "  the  vxistcnco  of  coilain  materials 
in  the  blood  may  dotermiue  tJie  formation  of  .slructtires  in 
which  tliey  may  be  incorporated.""  viny  initial  diver- 
sity may  tJius  bccomi!  tho  i)tartiii};-point  of  a  considcmble 
variation  in  suliaequenl  evolution.+  Thus,  &up[>asing 
that  on  a  giwn  spot  there  are  a  dozen  prolaplastfi  clonely 
resembling  each  other,  yet  each  in  some  one  detail  sli^jhtly 
varying ;  if  this  variiiliou  is  one  which,  by  its  relations  to 
the  external  medinm,  admits  of  a  difference  iu  the  assim- 
ilation of  mntcrials  present  in  tho  niodiuin,  it  may  be  the 
origin  of  some  juw  dirtHiot  in  development,  and  the  ulti- 
mute  conE^([uesce  may  be  the  formation  of  a  shell,  an 
internal  skeleton,  a  muscle,  or  a  nerve.     Were  Ibis  not  so. 


•  Paobt,  Ltclvrt*  an  Surgieat  rathdeyy,  (dittd  by  Tunxxii.  18SG, 
(>.  10. 

t  it  hmrnpcntlybemsliownlbalcerttiu  CruaUwn  *iiry  not  oiilj  rrom 
■p«cirs la 5pcci«s,  liul  Troin  }!riiuatog*Dii8,whsn  lMii)(  iii  uttrr  nfiltdiiraiil 
lifers  or  ullnr«.  Ity  i.-i}iitiiilird  dilution  of  llie  nit  H'Bti-T  an  Jritltta 
vtM  <1i'vi'lo|i|iil  Into  ftRullii^r  tprcipi,  and  llui  af^in  into  a  BnaiA^aa'^ 
n  Hcnii*  or  Inrsc  diincnMoiia,  njtli  un  «ilni  aUluinmHl  it^u«ut,  anil  a 
iliffprenl  tail  ;  «  gt'iiutv  luon-uvrr,  *liicli  U  pmiMgatcd  if  xu»ll)',  nhi m* 
thn  ArUmia  Ig  pcrtlicnogcnRlIc,  ui  *  fuIcm  Ste  Xalurt,  18TC,  Jtuio  0, 
ji.  1.13. 

Tliv  rxri-riliui;  inT|wrtiince  uf  tbis  fact  U,  tint  it  proTM  njircirio  aiiil 
•Ton  irr-iirrii-  ilittrrt'iii'i'M  tii  i»\f^nA\e  tAmjAj  tlirougli  tlic  Kraiiual  chanjin 
of  the  medium  and  the  odBptalion  o{  the  orpinism  to  thcac  new  eondi' 
tions.  tt  uIm  iliBpruvc*  lli'^  very  t'omtnou  notion  —  iulopt«d  trni  by  Ur. 
Darm'IK  hlmsflf  —  timt  "orgfinio  IwiiiiK*  iniiiit  be  vxpoicl  tt'iring  'cttr^ 
genrraHoni \o  new  conclilioni  to  cnmc  any  apj>[fi>inli1ii  niimiinl  of  \tt\tr 
tlon."  Ai^[n,  "  NHtiiml  8«l<icti<in.  if  it  be  n  Inic  principlr.  will  Iinnub 
thn  b«)ii-f  ofany  gri'it  Hnil  iiidilru  niiHliricatiun  vf  itmctun."  —  Comr' 
nol«  lu|  yi\.  i<.  133. 
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it  would  be  imjxjssible  to  ^xplaia  such  facts  bs  that  chit- 
ine  is  peculiar  to  tlie  Articulata,  celluloite  to  Mollii»c»i49ii, 
carbonates  or  linie  t^  MolUiscu  ami  CrLisl(u;i-a,  imd  plios- 
pbatea  to  Vertebmta — all  assimilated  from  the  saioe 
fixtenial  inedtam.  But  we  .sco  tlwL  Trorii  tbU  medium 
oDC  organism  selects  tlio  uiulerialK  wliich  anotlier  r^jouls ; 
and  tliia  sokotion  is  determined  l>y  the  naiura  of  the 
structure:  wEiicli  tu^iaiilates  only  those  materials  it  la 
fitted  to  aasiiiiilate.  We  bear  a  great  deal  of  Adaptation 
determinin';  uliongM  of  structure  and  fiinctinii,  and  are 
too  apt  to  regard  this  proceas  as  if  it  were  not  iatitnately 
dependetit  on  a  corn»poodiug  structiinil  (tlian^.  By  no 
tnwunt  of  external  inHuence  which  leil  the  elementary 
compaiitlou  of  the  stnictiiru  iinchan^'ed,  could  iiii  or<^n- 
isni  with  only  two  tissues  be  developed  into  an  organism 
witli  three  or  four.  l)y  no  supply  or  $1>iiiitdu,'«,  could  an 
Mlimal  incapublo  of  ossiiuilatiog  peroxide  of  iron  ac^iuire 
red  blood  corpuscles  although  it  mi^hl  huve  the  iron 
williout  the  corpuscles ;  imr  could  an  ny-iler  form  its  eliell 
unless  capable  of  aasimilatiiig  cnrboimlc  of  lime.  For 
Diyriadii  of  years,  in  ttc^is  and  ponds,  under  endless  varie- 
ties of  external  conditions,  the  amotbo)  havt^  lived  and 
died  wttliout  forming  a  solid  envelope,  ullhoui^t)  the  ina- 
toriaU  were  abundant,  and  other  or^nisms  equally  aim- 
pie  have  formed  einclojies  of  iuflnitu  variety.  In  all  the 
*cas,  and  from  the  eiirliest  apes,  iioophytea  have  lived,  and 
oasamed  a  marvellous  variety  of  shapes  and  specialization 
of  functions ;  but  althou^'h  sonic  of  thetu  huve  acquired 
muscle^  none  have  acquired  true  nerves,  none  iwne. 
Ages  upon  ages  iMllwi  on  before  fi.slK!8  were  cEipable  of 
fonniu};  bone  ;  and  thousands  are  still  incapable  of  form- 
ing it,  titougli  living  in  the  aame  waters  as  the  oeeeoos 
fishes. 

131.  "  Ij)oking  to  the  dann  of  lif^"  says  Mr.  Danria 
(repeating  au  objuctioa  urged  agoiust  his  hypotiiesis), 
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"  when  all  onjanic  bcinjjs.  as  we  imagine,  presented  the 
aimplest  »triiclure,  how  wmlil  the  first  steps  in  advance- 
ineiiU  or  iu  the  ili  11  u  run  lint  ion  and  specialization  of  parts 
have  arisen  ?  I  can  make  no  siiflicient  answer  ;  and  cnn 
only  say  tliat,  as  we  have  no  fuclfi  t«>  guide  us,  all  ejwcu- 
lation  wouhl  bo  hazeless  and  UBeleae." 

\Vlj<.'rc  Mr.  Darwin  hesitates,  lesser  men  need  extra 
caution ;  but  I  must  risk  the  danger  of  preanniption,  »t 
least  so  Tnr  a»  to  suggest  that  while  an  unswcr  to  this 
question  is  ditlicult  uii  that  dynamical  view  of  Kvolution 
which  regards  Function  as  determining  Simcltire,  it  is 
less  diriicult  on  the  statico-dynaniiL'ai  view  propuutided  in 
these  pages ;  the  difficulty  which  besets  the  explanation 
when  all  the  manifold  varieties  of  orgnnie  furni$  un;  eun- 
ceived  as  tlie  successive  divet]gences  from  un  ori^^inal 
start! n;!-poiat,  is  lessened  when  a  variety  of  dilferetit 
<tarting-]H>inls  is  n»snmvd,  in  each  of  which  some  initial 
diversity  prepared  the  way  for  subsequent  dilTerontia- 
tions  :  just  ft*  we  know  that  between  the  ovum  of  a  ver- 
tebrate and  the  ovum  of  an  invertebnite,  similar  as  they 
arc,  there  is  a  diversity  wbicli  manifests  itself  in  their 
subsequent  evolntion.  If  Function  is  determined  by 
Structure,  nnil  Kvi>hili»ii  is  the  product  of  the  two,  it  is 
clear  that  the  diiierent  directions  in  tlie  lines  of  develop- 
ment will  liiivo  their  origin  in  structural  diBeronces,  and 
not  ill  the  action  of  cxteriinl  eircumstaneea,  unless  tiiese 
previously  bring  about  a  structural  cbnn{i<?.  The  action 
of  the  medium  on  the  organism  is  assuredly  a  potent  fac- 
tor which  Biulojiy  cannot  ij^nore:  but  the  organism  itself 
is  a  f^ictor,  and  according  to  its  nature  the  intluence  of 
thn  medium  is  defmcd.     (§  US.) 

132.  Quittin>;  for  a  moment  the  track  of  this  toga- 
ment,  let  ns  glance  at  Uie  reaemhlaiices  nnd  difliereDoa 
oteervablc  in  Plants  and  Animals,  because  most  pcjplc 
admit  that  these  have  separate  origina    The  resemblan- 
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oc8  am  ecarvel}'  less  signiflcnnt  llmti  Wiom  vxistiiig  among 
animals.  Both  Imve  3  similtir  basis  of  eleuicutury  com- 
[lotiitiou;  not  only  »re  bcitii  tVimied  out  of  protoplasta 
with  sirnilur  {jittpcrticH,  but  tti  Ik>11i  tlu-  fintl  stv)>  from  tJic 
protoplasm  to  definite  strui:tiira  is  the  Cell.  iVud  the  life 
of  tbis  Cell  is  rcmaritably  aliku  in  l>olli,  its  phases  of  de- 
velopnteut  being  in  many  respects  identical ;  nay,  evcD 
such  variations  as  obtain  in  tlie  ct'll-miinibrancs  nit;  curi- 
ously linked  together  by  a  community  in  the  fomialivc 
pTOce.13.*  In  both  Plants  and  Animal.t  vrn  tind  i(i<livid- 
uals  coaslitTilwi— 1st,  by  single  ceils;  id,  by  ^-roiips 
of  cells  un distinguishable  among  each  otlier ;  and  3d,  by 
groujis  ufdin'iMvntiutcd  cells.  In  both  wo  find  culouies  of 
individuals  leadiug  a  common  life.  In  botii  the  processes 
of  Nutriliun  and  Hepixiductiou  htc  essentially  simitar; 
both  pro|mgule  sexually  and  ase.\ually;  both  exhibit  the 
surprUing  phenomena  of  pailhenogeiiesis  and  alternate 
generations.  In  both  tliere  are  examples  of  a  free-roving 
embryo  which  in  miiturily  beeimics  fixed  to  owe  symt,  l<i»- 
iug  its  locomotive  oigans  and  developing  its  rciiroductivo 
orgaos.  lo  both  the  dcvelopnient  of  the  reproductive 
organs  is  the  climax  which  carries  Death.  So  clone  is  the 
analogy  between  plant^hl'e  and  animal-life,  Uiat  it  even 
I'eaelies  the  jtroperties  usually  held  lu  be  exdu^vvly  ani- 
mal ;  I  mean  tliat  even  shoulij  we  hesitate  to  accept  Cohu's 
dLscoveiy  of  the  muscles  in  certain  plaii(s,t  we  cannot  deny 


*  Conijiore  Letcio,  Vam  Bau  du  iKifruxhtn  Kirpm,  1SCI,  p.  27. 

+  FeituwtASD  Coii.t.  IHc  tumtnutiU  GncrU  im  rjlan>rnrci(K  1862. 
Bir  «  *rriM  or  nunivrou*  ir<>Il>il«*i<wil  viprriiuniU,  i'olin  (oiinil  lliat  m 
tlic  MAinrii  «r  Ilii^  omJaaria  a  liuiiR  riliiM  vMch  tt  (sclt.iblp  W  tlieama 
ikliuuli  u  n><u?U  in,  Slid  wUJch  iwcU  like  raaiclf.  dcuribing  ■  limiUr 

•  urrv  nIiFii  acil«d,  tnd,  aftci  rvicliiug  iU  Riaxiniuni,  tvlajiitig.  Ulu 
111'  iiiiUKlf  it  Iwr^iii**  fiitlKiKKl  by  tvpnntj^il  rorilnK^iSoTi,  niiil  m'uTTni  Ita 
|>awtn  )if  rrpoM.  Like  ibe  ronKle  it  may  Im  rrntli.-rnl  iKlnnli',  (Th* 
itmikInb  of  Dr.  Bi'imoji  Sjmhuisom  and  Mr.  Dahwis  hnre  (inco  ptvxd 
l''yt>ii>]  ft  iloubt  the  Contniclilit;  &uil  SvtiiiUlity  uf  cr^rUiu  jiUnt*.) 
vol.  IIJ.  J  t 
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that  plants  exhibit  Cgntnictility  ;  and  aliouM  we  rcfa^  to 
intorjiret  a*  Sensibility  tJie  plienomena  exhibited  by  the 
ScDsilivu  I'kuts,  wc  cannot  deny  that  they  present  a.  very 
striking  analogy  to  the  pheoonii'Da  of  Sensibility  exhib- 
ited by  onimuU. 

133.  It  18  uoiicL-cssary  lo  continue  this  enumeration, 
which  might  easily  be  carried  into  raioutc  detaiL  A 
cliaptcr  of  such  rLvsuinblances  would  only  burden  the 
reader's  mind,  without  adding  forec  to  the  conctnsion 
that  a  siirpnsing  community  in  Substance  and  Life- 
history  must  be  admitted  bcLwee^u  Plants  urn)  AnimtiU. 
Tliis  granted,  we  turn  to  this  difii^reiiceB,  and  find  thera 
no  h»i  fundamental  and  dotailud.  Chenii-ttiy  tells  us 
notliing  of  the  differences  in  the  protoplasms  from  which 
uniiuals  and  plants  arise;  but  that  initial  differences 
must  exist  is  proved  by  the  divciigence  of  the  products. 
Tlie  vcfjctablo  cell  is  not  the  ftnimal  cell ;  and  although 
both  plants  and  animals  have  albumen,  6brine,  and  case- 
ine,  tho  derivatives  of  these  are  unlike.  Horny  subitunce, 
connective  tissue,  nerve  tissue,  chitiuo.  bilivcrdiue,  ci'ea- 
tiue,  un.'»,  hippuric  acid,  and  a  variety  of  other  produclA 
of  evolution  or  of  waste,  never  appear  in  plants ;  while 
the  hydrucnrbons  so  abundant  in  plants  are,  with  two  or 
three  exceptions,  absent  from  uuiniiils,  Such  facts  imply 
differenceH  in  elementary  composition ;  and  this  result  is 
further  enforceil  by  tlio  fact  that  where  the  two  seem  to 
resemble,  they  are  still  different:  the  plant  protoplasm 
forms  various  celLi,  but  never  forms  a  cartilage-cell  or 
ncrve-ccll ;  fibres,  hut  never  a  fibre  of  elastic  tissue ; 
tubes,  but  never  a  nerve  tube ;  veaselt,  but  never  a  vessel 
with  Diusoiilur  coatings;  solid  "skeletons,"  but  always 
from  on  oiganic  substance  {cdlulox),  not  from  phosphates 
and  carUmates.  In  no  one  character  can  we  say  that 
the  plant  and  the  animal  arc  identical ;  we  Ciin  only 
point  throughout  the  two  kingdoms  to  a  great  similarity 
accompanying  a  radical  diversity. 
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134.  Having  bmnght  together  the  nuuiirol<l  resem- 
blances, and  the  no  luss  luurkcd  divi'rsiUce,  we  must  ask 
what  ia  their  aigtuficance  ?  Do  the  rescmhlancesi  imply 
a  comuiunily  of  origin,  aji  uuivenal  kiii.slii]>f  If  so,  the 
divprBittes  will  be  nothing  more  ttmn  the  divergences 
which  iiave  been  produced  by  vari»tion»  in  the  Llfc- 
bistory  of  the  several  {{roups,  .  Or —  tuktn<;  the  alterna- 
tive view  —  do  the  diveraities  imply  radical  differeneea 
of  ori<pn  {  If  80,  thv  rescuibhinevs  will  lie  muhiit^  more 
than  the  inevitable  analogies  reHuIcing  f'nsm  Organized 
Subtitaucv  bt'iiig  uveiywliere  somewhat  similar  in  compo- 
sition, and  Hitnilar  in  certain  phasija  of  evolution.  To 
stale  iIh!  fDimer  position  in  the  simpleat  way,  we  may 
sssooio  that  of  two  masses  of  protoplasm  having  a  com- 
mon parent«go,  one,  by  tlie  accident  of  asaimilating  a 
urtain  element  not  brought  within  the  niugc  of  the 
other,  thereby  becomes  so  diDc-reuliatvd  as  to  form  the 
starting-point  of  a  series  of  evolutions  widely  divergent 
from  those  possible  to  its  congener ;  nnd  at  each  stage  of 
evolution  the  introduction  of  a  new  element  (made  ]K>ssi- 
bl«  by  that  st^c)  will  form  the  origin  of  a  new  vnrintioD. 
It  is  thus  feasible  to  reduce  all  ot^nic  forms  to  a  pri- 
monlial  protoplasm,  in  the  evolutions  of  which  successive 
differentiations  Iiave  been  established.  On  the  other  hand, 
it  is  e({iiatly  feasible  to  assume  that  the  existence  of 
radical  difTercnocs  must  ha  invoked  to  account  for  the 
poBsibility  of  the  succesaive  differentiations. 

135.  'riio  hunt  after  resemblances  has  IM  to  much 
mistaken  speculation;  and  with  reference  to  the  topic 
now  before  us,  it  may  be  ui'ged,  that  although  by  attach- 
ing ountclves  to  the  points  of  community,  in  di-sregnrd  of 
the  diversities,  we  may  make  it  appear  that  all  animals 
have  a  common  parentage,  and  that  plants  and  animals 
are  merely  diveigent  groups  of  the  same  pn)totypc,  a 
rigorous  logic  will  force  us  onwards,  and  compel  us  to 
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admit  Uiat  a  kinship  no  less  real  uiiitea  the  oi^gaiiic  with 
lim  inorganic  world.  For  upon  what  principle  ava  wo  to 
ptiuso  at  the  cell  or  protoplasm  t  If  by  a  successive 
elimination  of  diffeceoces  we  reduce  all  or^nisms  to  the 
cell,  w<!  must  go  oil  and  rudiice  l!i«  cell  itsolf  to  tlie 
chemical  elements  out  of  which  it  is  construcu-d ;  and  iii- 
OBmucb  as  these  elements  arc  all  common  to  the  inot^nic 
world,  the  only  difference  Tjeiny  j>ne  of  synlliu^is,  we 
reach  a  residt  which  is  the  iitultiUcntioii  of  nil  clussiUcation, 
namely,  thu  amcrtioa  of  a  kinship  which  is  universnl. 
We  must  bear  in  mind  iliat  all  tilings  may  be  n-diifcd 
to  a  coiuiiioii  root  by  simply  disrcj^Brdiu};  their  dilicrences. 
All  things  are  ahke  when  we  rgI  tuiide  their  unhkcnen. 

['.iCi.  Snp]>oac,  for  th«  sake  of  illustration,  wo  regard 
an  Orchestm  in  tite  light  of  the  Development  Hypothesig. 
"nu)  various  iiistruniunts  of  which  it  is  composed  have 
general  resemblances  and  particular  differences,  not  uidiko 
those  obeervablft  in  various  oiganiams ;  and  aa  we  proceed 
in  tlie  work  of  clcmificntiou  we  quickly  discover  (hat 
they  may  l>e  arranged  in  i^ups  unalogmis  to  the  Sub- 
kingdoms,  Clii^e^,  Oixlers,  (icnem,  and  Species  of  the 
oigauic  world.  Each  group  has  its  cardinal  di«tincUon, 
ila  initial  point  of  divergence.  All  musical  instruments 
res«'uiblu  each  other  in  tho  fuudameutal  character  of  pro- 
ducing Tone  by  the  vibrations  of  their  substance,  Tliis 
may  be  called  their  organic  bnsi*.  The  (intt  inarked 
difference  which  determines  tlie  character  of  two  sub- 
kingdoniH  (namely,  ineitrument^  of  Percussion  and  Wind 
instruiucnU)  nrises  from  a  diflerence  in  the  method  of  ini- 
prehsing  the  vibrations ;  and  Iho  grand  divisions  of  these 
sub>kiiigdv>ms  arise  (loin  llic  nature  of  the  vil>iMiitig  suh- 
«lances.  Eocli  type  admits  of  many  modllicntiuns.  but 
tho  )iriniary  distinction  is  incffuccublu.  We  can  conceive 
tlic  I'ipc  modiBed  into  a  Flute,  a  IHagoolet,  a  Clarionet, 
a  ilautbois,  a  Baasooo,  or  a  File,  by  simple  accessory 
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cluuigcs ;  to  modify  Uie  Pipe  into  a  Trumpet,  and  thus 
prodace  the  peculiar  limbrt  of  the  trumpet,  would  be 
iiiipussibk-  except  by  tho  sabsliiidwn  uf  a  new  matcnal ; 
by  replacing  the  wood  with  metal  we  may  adhere  to  the 
old  Tyi»,  but  we  liave  crcnted  a  nuw  Class.  (Attcutiou 
is  requested  to  thU  point,  because  the  current  views 
respecting  Uie  tremmutation  of  tisaues,  which  seem  to 
lend  a  decisive  support  to  the  hypothesis  of  the  trana- 
mntation  of  species  are  very  commonly  vitiated  by  the 
confusion  of  transformation  with  substitution.  Xo  ana- 
tomical element  is  traiu/ormai  into  another  specifically 
different  —  un  cpitlicUal-ccll  into  a  ncrve-ccU,  for  inataace 
—  but  one  anatomical  element  Li  frequently  gnlstituted 
for  another.)  To  convert  tho  Pipe  or  the  Trumpet  into 
a  Violin  or  a  Drum  would  be  impossibla  We  can  follow 
the  inodificfttiuns  of  a  Tambourine  into  a  Dmm  or  Gct- 
tlc-drum,  but  no  modifications  of  these  will  yield  the 
Cymb«]8.  That  is  to  say,  tho  vibrating  materials  — 
wood,  metal,  parchment,  and  the  combination  of  wood 
and  strings  ^haT©  peculiar  propKrlius,  and  the  lostni- 
ment«  formed  of  such  materials  must  necessarily  from 
the  very  first  belong  to  ditt'erent  groups,  each  subdivi.sion 
of  the  groups  being  dopcndcnt  on  some  characlcristic 
diflbrencfl  in  methods  of  impresiting  the  vibrations,  or  in 
the  materials.  Although  all  musical  instrimiuntii  have 
a  commoQ  property  and  a  common  purpose,  we  do  not 
rt^ord  them  a$  tninsformationii  of  one  primitive  instru- 
ment ;  their  kindred  nature  is  a  subjective  conception ; 
the  analogies  are  numerous  and  close,  but  we  know  their 
origin.  It  is  obvious  that  men  being  pleased  by  musicaf 
tones,  have  been  led  by  their  delight  to  construct  instru- 
ments whenever  they  have  discovered  substances  ctipable 
of  musical  \ibratione,  or  methods  of  impressing  audi 
vibrations.  By  stihstituting  the  bow  for  tho  plectrum  or 
the  fingcts,  they  may  have  changed  tho  Lyre  into  tho 
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Violin,  Viola,  Violoncello,  and  Bass.  (It  seems  hiBtori- 
Oldty  probable  Uiat  tbe  real  origin  of  the  Violin  clftss  wa^ 
an  iii8truniOQt  with  oiiv  slriu)^  played  on  by  a  buw.)  ]^y 
grouping  togolber  l*ipes  of  various  sizes  they  got  the  Pan- 
pipca ;  by  substituting  metal  ami  enlaiying  Uie  blowing 
apparatus  thoy  got  the  Organ.  By  beating  on  stretched 
parchment  witb  the  finger,  they  got  the  Tambounuc  and 
Tom-Tom ;  by  doubling  this  and  using  a  sticlt  they  got 
th«  Drum.  By  beating  metal  vith  metal  tbey  got  the 
Cymbals ;  by  beating  wwjd  they  got  the  Castanuts. 

I:t7.  The  application  of  this  illustratioa  is  plain.  Just 
as  a  wind-inHtruiticiit  i»  incapable  of  becoming  a  stringed 
instrument,  so  a  Mollusc,  with  all  its  muscles  unstriped, 
ftOd  its  nervous  system  iinsyni metrical,  is  incapable  of 
becoming  a  Crustacean,  with  ail  its  muscles  striped  and 
its  nervous  system  symmetrical.  Indeed  iherB  arc  proba- 
bly few  biologiats  of  the  jtrosent  day  who  imagine  th* 
transmutation  of  one  kind  into  the  other  to  be  possible ; 
but  many  biologists  a^ume  that  both  may  have  been 
evolved  from  a  common  root  Tho  point  is  beyond  proof; 
yet  I  think  there  is  a  greater  probability  in  the  aaiump- 
tion  that  both  wvro  evolved  from  diflcrent  roots.  At  any 
rate,  one  thing  ia  certain ;  a  dii'ergcnce  could  only  ha\'e 
been  effected  by  a  scries  of  suhttilutiom ;  and  the  question 
when  and  bow  these  substitutions  took  place  is  unan- 
swerable: one  school  believes  them  to  have  been  creative 
fiats,  the  other  sdiool  believes  them  to  have  been  tiaus- 
luutations. 

138.  When  we  see  an  annelid  and  a  vertebrate  rawm- 
bling  each  other  in  some  special  point  which  is  not  com- 
mon either  bo  their  cliisse*  or  U)  any  intermediate  clas-se-i  — 
as  when  we  see  the  wood-louse  {Onisaia)  and  the  hedgehog 
defend  themselves  in  the  same  strange  way  by  rolling  np 
into  a  ball  —  we  cannot  interpret  this  as  a  trace  of  distant 
kinship.     When  we  see  a  breed  of  pigeons  and  a  breed 
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of  canaries  turning  aooieraaulta,  aud  one  of  the  Bear  fam- 
ily {BaUf}  givi'Q  to  thv  satui:  sin^lur  babil,  vrc  cait  banlly 
suppose  that  Uiia  ia  in  eacli  case  iiilieril«d  from  a  commoD 
progenitor.  When  wc  ace  one  savage  taoc  tipping  arrows 
with  iron,  and  another,  ignorant  of  iron,  using  poiaon, 
llierc  is  ft  oonitiiiiiiiiy  of  object  eftected  by  ilivureily  of 
raeans ;  but  tbe  analog}-  does  not  necessarily  imply  any 
closer  oonnectioR  betueen  the  two rou«8  than  the  fitot  that 
men  with  similur  fa^itillivM  and  similar  u~aiits  Hud  uiit  sim- 
ilar methods  of  supplying  tlieir  wants.  Even  those  who 
admit  that  the  bumuu  race  is  ouu  family,  and  that  tbe 
various  peoples  carried  with  them  a  common  fimd  of 
knowlctlge  when  ihvy  seiwiutcd  from  ibc  parent  slock, 
may  still  point  to  a  variety  of  new  inventions  and  new 
flocial  developments  which  occurred  quite  indeiwiidenily 
of  each  other,  yet  are  strikingly  alike.  Tlieir  resemblance 
will  be  due  lo  rujcuiblance  in  the  conditions.  Tlie  exist- 
ence, for  example,  of  a  religious  worship,  or  a  social  insti- 
tution, in  two  nations  wjdt^'ly  st-pareted  both  in  time  and 
spac«,  and  under  great  historical  diversities,  is  no  absolulo 
proof  that  theso  two  nations  are  fvoiu  tlio  same  stock,  and 
that  the  ideas  have  the  same  parcntaKC  H  nmyljcKo; 
it  may  be  otherwiw.  It  may  be  an  analogy  no  more  im- 
plying kinship  than  the  fact  of  ants  making  skvia  of 
other  anw  (and  these  the  black  ants!)  implies  a  kinship 
with  men.  Given  an  organization  which  in  the  two  na- 
ti(Hia  is  alike,  and  a  history  which  is  in  certain  character- 
iatjcs  annlogou.*,  there  must  inevitably  result  religious  and 
social  institutions  having  a  corresponding  rescmbknte. 
I  do  not  wisli  to  im[dy  tlint  the  reseftrchcs  of  philologist^) 
and  ellinologistt  an-  ml^itirectt;'!.  or  that  tlic-ir  conclusions 
respecting  the  kinship  of  mankind  are  to  bo  rrjected  ;  I 
only  urge  tlie  oonsidcmtion  that  pcrhiips  too  much  stress 
is  laid  on  community  of  blood,  and  not  enough  on  com- 
munity of  conditions. 
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BECAPlTULATIOrf. 

139.  TIio  vurious  lines  of  ar^iiitioiit  may  here  be  reca- 
pitulated. Tlie  organic  world  presents  a  spectacle  of  end- 
less diversity,  accompanied  by  a  pervndjng  uniformity. 
The  general  reaemliUnccs  in  forms  and  functions  are  more 
or  less  masked  by  particular  difli^rencea.  The  resem- 
blances, it  is  said,  muy  be  all  duu  lu  kiiisbip,  all  the  living; 
individuftls  having  descended  from  a  primonlial  cell ;  and 
at  each  sUi;^  of  the  descent  tlie  adaplatinns  to  new  con- 
ditioRs  may  have  issued  in  deviations  from  the  ancestral 
form,  wliilo  iho  process  of  Natural  Selection  giving  sta- 
bility to  those  variations  which  best  fitted  the  oi^niam 
in  the  struggle  of  existence,  Iiils  made  greater  and  greater 
gaps,  and  produced  more  markod  divcrsilius  among  the 
descendants.  Tbis  is  the  Darwininu  Theory:  "On  mj 
theory  unity  of  Typo  is  explained  by  unity  of  Descent" 

MO.  liy  the  general  con.'*ent  of  bioloyists,  tliis  theory 
i«  held  to  explain  many  if  not  all  itie  observed  facts.  It 
is  a  very  luminous  suggestion ;  but  it  rei|nires  an  enlarge* 
meot  so  OS  to  include  Organic  Atlinity;  and  when  oace 
tbis  fundamental  principle  is  admitted,  it  brings  with  it 
very  serious  doiil>t.i  as  to  the  theory  of  Descent.  Wc  arc 
then  entitled  to  assume  that  many  of  the  moat  striking 
resemblances,  instead  of  being  due  to  kinship,  are  due 
simply  to  the  jjcneral  principle  that  similar  causes  must 
have  similar  elfects,  and  that  niganic  .lubstances  having  a 
very  close  resemhlancc,  organized  substuuces  must  have 
similar  stages  of  evolution  under  similar  conditions ;  and 
thus  organs  will  necessarily  take  on  very  similar  forms  in 
very  different  organisms  (for  example,  the  eye  of  the 
cephaloftod  and  the  eye  of  tlie  vertebrate),  and  organisms 
having  widely  different  i>arcnt«gc  may  closely  resemble 
each  oUier.  If  we  are  entitled  to  a-isume  that  protoplasm 
appeared  not  in  one  microscopic  s[)ot  alone,  but  in  many 
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pUoes  and  in  vast  quantitiei  —  and  thia  ia  surely  the 
moro  justifiable  assti nipt  ion  —  then  wc  must  also  admit 
that  tlie^ae  germinal  starting-pointa  were  from  the  tirat,  or 
vi-ry  shortly  iifterwards.  diflercntiatcd  by  variatioua  lo 
their  elementary  composition.  Xow  we  know  that  a  very 
minute  cliangu  in  compOHition  may  Imd  to  iniinense  dif- 
ferenccs  in  evolution.  Thus  the  dL<«CGndunta  of  two 
nlightly  ditrerent  progenitors  may,  l>y  continual  differen- 
tiution,  bi-conic  very  markedly  uuliku ;  yul,  buuuisc  of  the 
original  resemblance  of  their  substances,  they  will  reveal 
a  Ix;^^-ading  simiLinty. 

While  it  is  thus  conceivable  that  all  organisms  may 
resemble  each  other,  and  all  differ,  owing  to  tlie  similari- 
ties nnd  diversities  in  the  "conditions  of  existence"  (and 
among  those  conditions  that  of  descent  is  of  wide  range), 
it  is  not  vciy  readily  conceivable  how  advantage  in  the 
exiemnl  gtni™'le  conltl  have  determined  the  varieties  of 

no 

form  and  function,  because  many  difl'erentiatioii.<«give  no 
superiority  in  the  struggle  As  Mr.  St.  Gcoi^c  Mivart 
urges,  "  Natural  Selection  utterly  fails  to  account  for  the 
coiiservaliuii  and  dcvelupment  of  the  miniitu  nnd  rudi- 
mentai^'  beginnings,  the  slight  and  infhiitesimal  com- 
mencements of  stnifturfts,  however  u.'<cfijl  thiiao  stmclures 
may  afterwards  become."*  And  this  is  undoniabic  on  tho 
supposition  that  Natural  Selection  i.^  an  agency  not  iden- 
tical with  the  variations  of  growth,  but  exclusively  con- 
fined to  the  accumulation  of  favoialile  variations. 

141,  In  estimating  tlic  two  liypolho«LS  —  First,  of 
Descent  from  one  primordial  germ,  and  tho  modifications 
due  to  Natural  Selection,  or,  a.**  I  ahnuld  nny,  ivjn-awil  in 
Selection;  and  Secondly,  of  Descent  from  innumerable 
genns  having  initial  dilferences,  which  differences  radiated 
into  Uio  ninrkcd  modifications,  there  in  this  superiority  to 
be  claimed  for  the  firat,  that  it  is  more  easily  handled  as 

•  HtTAiiT,  Tin  a«netii  t/Speeit*,  IS'I,  |i.  SX 
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an  aid  to  research,  niiil  is  Wierefore  more  decidedly  usefuL 
The  laws  of  Organic  AfEinity  are  at  present  too  ob»curc 
for  a«y  succes-srul  appHcntion.  I  only  wish  to  jjoiiit  out 
Uiat  tb«  Ihfoiy  of  Ucsct-ul  in  an  imaginary  construction 
of  what  may  hams  been  the  process  of  .spccies-fonnatioii. 
not  a  tramoription  uf  the-  process  observed  It  constructii 
an  imagin&ry  T)'pe  as  progenitor  of  a  lung  line  of  wiildy 
different  descciidinis.  Tlic  annelid  which  is  taken  as  the 
ancestor  of  tlie  vertebrates  is  not  any  annelid  known 
either  to  zoidogista  or  geolo^isU,  but  n  gcncndtxed  and 
imaginary  type.  So  darin^ily  liberal  is  the  imagination 
in  endowing  tlie  ancestor  with  whatever  may  be  refjiiircd 
for  the  disscctidauls,  that  Mr.  Darwin  thinks  it  probable, 
from  what  we  know  of  the  enibi^'os  of  vertebrates,  that 
these  animals  "  aru  the  modJIii^d  dtscctidunls  of  some  ua- 
cicnt  pro^nitor  wbicli  wil«  fnnu»had  iu  its  adult  state 
with  brancbia-,  a  swijn-bladdtT,  four  simple  limbs,  and  a 
long  tail,  all  litlal  for  an  organic  life,"  (p.  533) ;  and  Dr. 
Dohm  conceives  the  original  typo  to  have  contained 
within  itaeir  all  that  has  been  subsequently  evolved  in 
the  highest  vertebrate,  the  other  and  less  elaborate  orgnU' 
isms  being  mere  degradations  irom  tbis  ty]>e.*  Thb  use 
of  the  imagination,  atthongh  nut  ^t'itlIOUt  advantages,  is 
also  not  without  dangers.  It  may  direct  research,  it  must 
not  be  suffcrt'd  to  replace  research. 

•  PoHBK,  Vtr  Uriprung  dcr  WirbfithitTv  tmd  da*  PHncip  du  Ane- 
liomtmJiMU,  IS'S,  p.  74. 
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THE  NERVOUS  MECHANISM. 


"An  (h*  fooctiaaa  or  the  nerroiu  BTBtam  am  m  dependent  span  EU  ttne- 
tora  ud  Diitnre,  u  the  accurate  Indication  of  time  npon  the  conitnictiini  of 
the  eiironomstar."  —  Pbochasea. 

"  Dnser  Winen  wild  nie  ToUendet,  ist  nnd  bleibt  SlUckweik  ;  deisan 
ErgKniong  du  Streben  nod  Hoffen  der  forachenden  Denkei  blaiben  iriid  (flr 
allaZeit"  — Radbicbacskh,  Ohm. 

"Oar  nimble  tools 
Can  tpin  an  iiunbitaattal  tuuTena 
Sniting  onr  mood,  and  call  It  pouibls, 
Soonei  than  ace  one  grain  vith  eje  exact. 
And  give  strict  record  of  it." 

Qgosob  Euot,  The  ^wnuA  Oypty. 


"  If  ire  compare  the  tescMngi  of  onr  books  with  what  Katora  ia  constantly 
showing,  we  find  there  is  no  agteemsnt  between  those  two  sonrcea  of  learn- 
ing."— BBOWH  Sfl^UABO. 


THE  NERVOUS  MECHANISM. 


CHAPTER    I. 


8UBVET  OF  THK  SYSTEM. 

I.  OuB  knowledge  of  mental  processes  is  derived  from 
reflection  on  our  persona]  experiences,  combiutKl  willi  in- 
ferences from  our  obserration  of  other  men  and  animals, 
under  sinitlar  conditions.  The  processe^a  are  conijilex  and 
vatiftble;  so  complex  (md  variable  that  knowledge  of 
their  oompooent  factors  can  only  be  gained  through  long 
tentative  study,  aidvd  by  forluiiiitc  circumstances  which 
present  these  factors  separately,  or  at  any  rate  in  such 
matkcd  predominauce  as  to  tix  attention.  This  subjec- 
tive analysis  of  the  procrfxes  has  to  be  8tip[)loiai-iit«d  by, 
and  (XMifirmed  by  an  objective  analysis  of,  the  eotuiitvm*, 
ext«mal  and  iutiirual :  tho  fuels  of  Fcelinj;  have  to  bo 
traced  to  facts  of  Physiology,  which  will  exhibit  that 
Physical  Basis  of  Mind  so  earnestly  sought  by  the 
inquirer. 

Both  the  subjective  and  the  objective  analy.sis  are  at 
preaeDt  in  a  vviy  imperfect  slutc  .^Vltliou^h  there  is 
jnBoh  confident  a.<i8ertion  and  "  false  persuasion  of  knowl- 
edge" in  both  regions,  tJiere  is,  uuliap])ily,  little  that  can 
be  seriously  accepted  as  demunstnitcd.  In  the  present 
volume  we  shall  concern  ourselves  almost  exclusively 
wiU)  the  objective  analysis,  and  do  our  utmost  lo  maik 
what  is  mere  inference  from  what  is  verified  observation. 
It  is  only  by  Oh6en>'atioD  that  facta  cou  be  settled;  how- 


15S 


THE  PHTSICjLL  BASIS  OF  MIKD. 


ever  Auuloj^  and  Inference  may  suggest  where  the  trutL 
may  li«,  tliey  are  finger-poats,  not  goals.  At  the  best 
they  only  UiU  us  whut  Obsun-ii.tiou  vroutd  reveal  could  the 
processes  be  submitted  to  Setue. 

Iti  a  loose  aod  general  way  every  one  knows  that  the 
Nervous  System  is  a  domioaut  agent  in  all  sentient  pro- 
cesaes ;  although  not  by  any  means  tJie  only  agent,  yet, 
because  of  ils  preilumiunncc,  it  ts  nrtiiiciully  accepted  as 
the  only  one.  With  tho  greater  complexity  of  tliia  as- 
tern, there  is  observed  a  corresponding  iticreti.se  in  the 
variety  of  sentient  phenomena.  The  labora  of  anatomists 
have  secured  a  tolerably  exact  plan  of  the  topographical 
distribution  of  this  system ;  a  somewhat  chaotic  mass  of 
observation  and  inference  pa-vies  as  a  description  of  its 
elementary  stTui;tiiri-.  The  labors  of  physiologists  have 
succeeded  to  a  small  extent  in  localtiung  certain  functions 
in  certain  oi^ns  of  tbia  system.  But  imperfect  as  our 
knowledge  of  tlie  elementary  structures  is,  our  knowledge 
of  Uio  function-'^  is  still  niur«  so.  I  wish  I  could  say 
otherwise,  and  tliat  I  could  ask  my  rL>a<leTA  to  accept  with 
confidence  what  teachers  coDlidently  [iropound.  The  atti- 
tude of  scepticism  is  always  repulsive ;  the  sceptic  is  set- 
dom  received  witliout  dtHfavor,  because  lie  throws  on  us 
the  labor  of  investigation  there  where  we  wish  for  the 
confidence  of  kiiowlotlgo.  Vet  it  is  only  by  facing  the 
facts  that  we  can  hope  one  day  to  solve  the  great  ques- 
tions. 

2,  Tlie  nervous  ^stem  has.  in  our  artificial  view  of  it, 
two  divisions  :  Uio  reripberal,  which  connects  the  organ- 
ism with  the  external  world ;  and  the  Central,  which  con- 
nects each  part  of  the  organism  with  all  the  other  parts. 
Although  the  system  is  constituted  by  various  tissues  — 
neural,  connective,  vnscukr,  and  elastic  ~~  it  receives  its 
characteristic  designation  from  ncrvc-fibrils.  nervc-iibres, 
and  ncrvfr-celli ;  just  as  the  muscular  system  recei^'es  its 
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dtHgaiSJtgk  Trom  contractile  c«ll.t  and  fibres.  ThJA  nuiiml 
tissue  assames  tJiree  well-markfd  fanns :  1°,  nerves,  whicli 
ori:  bundles  of  fibi«9  and  tibriU,  enclo^tnl  in  a  nienibiu- 
nous  sbeath ;  2°,  ^wjlia,  whicli  ««>  cliutcra  of  cells,  fibres, 
and  libril-i,  sometimes  eoctoMd  in  a  sheath,  iionititinies 
not ;  3°,  txntrt*.  which  are  artificial  divisious  of  thu  ncund 
axis,  serving  as  points  of  union  for  different  organs. 

In  the  Invert«bratu  tbo  neural  lucU  U  thv  <;liuin  of 
ganglionic  masses  running  along  the  ventral  aide,  and  glv- 
itig  olT  Che  nervcii  to  organs  of  scuse,  and  to  the  muscles 
It   may  be  seen  represented  in 

r«.  I. 

In  the  Vertebrata  the  axis  is 
dorsal,  and  is  callt:d  Uie  etrebro- 
^nal  axis,  including  braiu  and 
spinal  conl.  When  we  Inok  at 
this  structure  superfii;ially  we 
see  various  nerves  ratliating  //vm 
it  to  skin.  gUnds.  and  muscled ; 
but  a  closer  examination,  enliglit' 
vncd  by  knowledge  of  fuui:tion, 
shows  that  some  of  these  nerves     ■'«'■  '-  -  y"™-  •y™  V  « 

.    ,     .     ,  ,  kMli,    Tlinauiill  round  naMM^ 

pass  *nio  It  from  the  various  sut-  ^ri^vfit^-  •»  hvh  u  >»  «»• 
&oe8  and  aense-organs,  and   are  ""'tL  "^.  '""'«»;>'"*'  ""Ji 

"  iii-l  from  tin  gingllii  luiM  BhiPi 

therefore  called  ajhYnt  or  «*»-  iaui>uaiba.oiigju<ifMnH^uiii 
aory ;  whereas  uuotlier  set  passes  "■™* 
out  of  it  to  glands  and  muscles,  and  these  nerves  are 
therefore  called  fffcrent  or  motorij.  There  arc  also  fibres 
which,  passing  from  one  part  of  tiie  great  centre  to  au- 
olber,  are  called  commissural. 

To  tliis  brief  account  of  the  cerebro-spinal  sjstcm  may 
be  adtlul  n  word  on  ibe  counecLed  chain  of  yi^iylii^  ind 
nerves  known  as  the  Sympatlietic,  because  it  was  formerly 
supposed  to  be  the  organ  through  which  the  various 
"  sympatluos  "  were  fiffecled.    It  is  now  held  to  bo  the 


160 


HIE  PHTSIC.U.  BASIS  OP  MtSD. 


system  devoted  to  the  viscera  and  Ulood-vessels ;  but 
tliere  is  etill  ^eat  want  or  aj{re«»i«iit  among  pbysiologista 
as  to  whether  it  is  an  indepeiideut  syatem,  having  a  spe- 
uial  structuni  souiewliat  difterent  from  tlml  of  tbu  cerubro- 
spinal,  or  whether  it  is  simply  a,  j^eat  plexus  of  nerves 
aiid  ganglia,  only  topographically  distin^iii.ihablu  from 
the  rti«t  of  the  nervous  Hy8t«iu.  Into  liiia  point  it  is  uu- 
necessary  for  me  to  enter  here.  Enough  to  say,  that  I 
entirely  agree  with  Signuind  Mayer  in  adopting  tho  sec- 
ond view*  In  no  histological  character,  yet  speciRed, 
are  the  sympathetic  nerves  and  ganglia  demarcatud  from 
the  others.  Tliere  arc,  indeed,  more  non-medullary  fibres 
(tha  gray  fibres  of  Kemak)  in  the  syinpatluaic;  but  the 
same  fibres  an.-  fil»o  abiin<lant  in  the  ccrvbro-spinal  sys- 
tcm;  and  the  sympathetic  has  also  its  large  meiltdlary 
fibres. 

'6.  Tlio  Centres  are  composed  of  two  substaucoe :  tbe 
gray  and  the  white.  The  gray  substance  is  often  called 
the  vesicular  because  of  its  abundant  cells;  but  it  has 
even  more  fibre.-*  than  cells,  and  the  white  .sul»tance  has 
also  a  few  cells-f  The  gray  substance  is  distributed  over 
the  surface  of  tbe  bruin  —  in  tiie  convolutions;  and  in 
various  other  parts  of  the  encephalon.  It  surrounds  the 
central  canal  wliicli  forms  the  ventricles  of  the  brain  and 
is  continued  aa  a  very  small  ciivity  all  down  tho  spinal 
cord.  Besides  entering  into  tbe  iiupiirt.ant  ajid  oouHpio- 
uous  masses  known  as  the  cerebral  ganglia  —  fthe  optie 
thalami,  and  corjmra  Mrtata)  —  the  gray  substance  is 
massed  in  the  corpora  quadrigfmina,  crura  rrrrhri  pons 
varolii,  and  mudulla  oblongata.  We  shall  have  occasion 
to  refer  to  each  of  those  part*.  Until  modern  times  all 
the  masses  included  in  the  skull  under  the  familiar  term 
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A'rrvnifjflrm,  1S7U. 
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BniD  (or  the  tec]inical  term  Encepbalon)  were  regaixled 
08  the  onlj  ceiitro,  and  »]so  as  the  origin  of  all  the  nerves. 
2{or  Itas  this  notion  even  yet  entirely  disapjieun^d,  al- 
tboogb  the  apinul  ronl  is  known  not  to  be  a  largo  nerve 
trunk,  but  a  centre  or  connected  chain  nf  C(.-nlres.  stnic- 
taially  and  functionally  HimLlur  to  tho  cranial  centres. 
The  sliadow  of  Uie  ancient  error  still  obscures  int«r- 
prcttttion  of  the  juart  thi»  spinal  curd  plays  iii  the  sentient 
mechanism;  and  tbus  although  the  conl  is  univcr^Uy 
admilMd  lo  Ite  a  centre  for  "senaitive  impressiona," 
it  is  usually  excluded  from  Sensation.  Tins  widesjireafl 
nnd  tiii^lcuding  notion  will  be  critically  examined  in  a 
future  problem. 

4.  Jittginning  out  survey  of  the  cenibro-spinal  axis 
witli  iJic  Spinal  Cord,  we  oljsen'e  it  to  consist  i  1*.  of  roi- 
Iral  yraj/ ivbslance  surromniiii'ii  the  scarcely  visible  canal, 
which  is  all  that  remnins  of  the  primitive  groove  iit  the 
gemtinal  membrane  (§  9) ;  2',  irregular  gray  masses, 
called  the  anterior  unit  jmUruir  }wrn.i*  cnniieetod  with 
the  anterior  and  [wsterior  tooU  of  the  spiiial  nerves ;  and 
3",  strands  of  wbito  fibres  enclosing  this  central  substance, 
and  called  the  anterior  lateral  and  posterior  columns. 

Like  the  Ccrt-brum,  it  is  a  double  organ  formed  by  two 
symmetrical  halves,  as  the  cerebrum  is  of  two  hemispheres. 
Vjk\i  half  innervates  the  corresponding  half  of  the  body. 
Tho  ooni  is  unlike  the  cerebrum  in  external  fonu,  though 
very  like  it  in  internal  structure.  Tlie  gray  structure  is 
mainly  external  in  the  cerebrum,  and  is  internal  in  tho 
cord. 

Ymm  the  anterior  side  of  the  con!  (that  which  in  ani- 
mala  is  the  under  side)  the  motor  nerves  issue ;  from  tho 
posterior  (in  animals  the  upper)  side,  issue  the  sensory 
Der%'ea    On  each  of  tho  sensory  nen-ea  there  Is  a  ganglion. 

*  TIhw  t«nat  dMi^at*  tb«  aurf«cr  asjxict  of  a  trunivprM  uiclian,  at 
wlMt  Borc  cOTToctly  iihnulil  be  cnllrd  the  gnj  volumni.     Sec  Fii[i.  3  to  6. 
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The  roota  of  each  nerve,  fonned  of  several  rootlets  issiiiu;; 
from  the  anterioT  tmA  poirterior  columns,  subsequently 
unite  togetJier,  and  pruccud  in  a  single-  shcnlli  tu  musi'-les 
and  skin,  Bcjiamting  again,  however,  before  they  reach 
moscles  and  skin.    Fig.  2  represents  Uiis  arreiigetneut. 


V\t.  I  —  A  tvtl'*  "' '  .^  iri(*  i/j  wTiD  (ii«BrB«11»rf>,    TIi«  Itft-hMd 

Bgnn  iliiiwi UiB ■nwrlt'i  .  ;. .  li  .  I'^tiMiaiul  the  pmwtior.  A  the  tiavuioi.  vul  P. 
Ihs  loiltflflT  lom.  Uwr  ">"'■' V-^>l*<i<">">i  cuiilil  *n  BkicicnUcaDii«ciUi(  ta* 
IKMtrrfot  raota. 

5.  Tliens  are  thirty-ono  jioire  (sometimes  thirty-two) 
of  auch  nerves —  namely,  eight  cervical,  twelve  thoracic, 
five  lumbar,  live  snoral,  aad  one  (or  two)  coccygeal  Figs. 
3  to  6  represent  transverse  sections,  which  display  the 
cntrnnoo  of  the  rout«  of  the  ncrt'ca  into  the  anterior  and 
posterior  horna, 

6.  Similar  maase«  of  ^ray  Hubstancn  in  the  MfJvUa 
Obionf/ata  (which  is  the  name  given  to  the  cord  wlien 
it  passes  into  the  skull)*  are  supposed  to  be  tlio  origins 
of  tome  other  nerves  (the  cmuixl). 

*  Dnt  thii  onljr  in  Iho  tiigber  tnimikb.  In  Rptllc*  uid  unpluhim  tht 
mcdulln  il(')c«itli  into  tha  corioal  nfjion,  u  (iu  u  lh«  Moaaii  hkI  tbird 
crprioi  trrlrtira.    Till*  tliauld  bs  remembtml  in  (xpedueBliiig, 


THE  VEBVOUS  MKCHAKISH. 


16S 


Fff  I.  —  rmiustni  (KMon  0/  vit  luilj  t-f  Oi  igiiiui;«>nl  In  IJu  tunifar  ntlDnt<R«[ 
miMMr).  n.  nMfrtM  luut  sntiiinu  Uir  uufior  gny  honu,  »  uul  /,  kIwic  coIU 
■n  duUnO  -,  c  MuUtl  cumI  1  d  mi  1,  Uie  ■nlsri'it  iiul  |>Miefli>r  cDumucaru  uull- 
Uig  Itit  l*u  IhIvm  «r  Um  tnfd  1  h,  fMtaoi  nut  sauriu^  Uv  |«Bloiti>i  KBiy  Iioru 


n»*.— Ti 


anttnc  Ui<  luUilar  tfhfM :  A.  Dwm  ol  tl»  ixxtertur. 


yWt Jtalm w**** «"!. "i ''te'l ngtew.    a.Fiuint»p- 


A^  ^^yr^ltmrm  ita^tn  itf  ifn  cord  In  tit  dortal  nfitiL 
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Pl(.  &  —  JVaunnniiHHni  la  U<  IviiMr  «;<*«. 


Although  the  Medulla  SpiuolU  is  uoquestionably  con- 
tinued as  the  Medulla  OblongatA,  Ihe  aTrangetncnt  of  its 
tissues  lierc  Im;cuid«s  gmiliinlly  chauged,  aijd  ho  compti* 
ciited  that  it  hafflea  the  scalpel.  Anatomiiita  are,  however, 
agreed  on  the  one  point  of  fuudamontal  iniportuDcc  to  us 
here — namely,  that  there  is  only  a  roarraiigeiiieut,  not 
II  new  tissue.  Accepting  the  urtiticial  division  into  two 
organs,  we  may  say  that  their  funotions  are  diiTerent, 
iiiiumuch  US  tbey  aru  diflVTcnt  in  their  anatomical  con- 
nections—  they  innenate  diflerent  parts;  but  as  nerve- 
cvntreii  tlicy  have  one  and  the  sanio  property. 

On  its  posterior  surface  the  Medulla  Ohlonffata  opens 
ns  the  /(mrth  vmlrieU.  It  is  then  no  longer  a  closed 
canal,  but  an  expansion  of  the  spinal  cannl,  wliich  is 
covered  by  the  Cerahellum.  On  its  anterior  surface  pro- 
jects tiie  pfiiut  mrolii.    Figs.  7  and  8  represent  Ihc-so. 

Wliile  thus  on  the  one  hand  continuing  tbo  Medulla 
Spinalis,  the  Medulla  Ohlongata  is  seen  on  the  other  hand 
to  Iw  continuous  with  the  Brain  —  its  white  columns 
parsing  upwards  in  the  crura  cerebri,  its  cav-ity  repeated 
in  tlie  otlier  ventricles.  Above  it  lie  the  ganglionic 
masses,  tlio  corpora  quadrigcmina.  optic  thalami.  and 
corpora  striata.     Crowning  these  are  the  big  and  little 
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ng.  J.  "  SMt,  or  upftr  rtrir  t/  On  MittUa  UMm^n  lu  il  <>i*Iiiiii»  Uu  M»d.  jr^ 
tialit.     1.  SHtlnii  pf  IlMi  Uulilnl ;  I.  fatjian  <)UiutnMrii;tiia  (Iht  Ivu  lnwnr  budlia  u* 

lounli  (rnuli'l*:  S,  Uv  natlftni  Uiolln  -  a.  Did  caUiuui  •crliilortiu. 

ric.  $.  —  rmml,  Br  mmitr  rUm  a}  HU  Uti  (Mnf.     I.  Oplle  nei*M  cot  olT  •!  Ihs 
rbtuoa  ;  t,  inum  <anbM :  S,  poai  vuoUl :  4.  oUT(I7  tUdU* ;  i,  MtMlD'  rjtuuldii ; 

limins,  Orobraro  and  Cerebellum.  Figs.  9  and  10  rep- 
n-sent  this  relatioo  of  Medulla  Spinalis,  Medulla  Ob- 
lungaU,  ftud  Bmiu.    Fig.  11  is  a  purely  urtiSctiU  diugmm 


V%  «  ~  thmaii  OnU  tn  Pnfb    1.  Onlmia;  1  cvMbellniri.- 1.  pm  nralU  ud 
niBilullaalilaapM. 
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whiclt  will  give  the  reader  some  idea,  of  the  disposition 
of  the  white  und  gray  HubsUuccs. 


■rbar  rtU-  •»  limiirli!ii«  vnu^uuiriit  <>[  ^;  luiil  wblle  matlcr  In  tbe  mebtUnm :  I, 
l>oiu  nrolll  tDi]  ini^uUi 


Km  IL—StWrnM  4f  •  wniat  «ella«  rfOt  StuIb  (atlrr  DiIMn}  I.  OlTulory 
CBitfdni(.*Mr*bl*III«mlq>h>n:  B.  cartnu  rtrlitum  :  i.  Uialaoiiu:  t.  c<nyia»q(ua' 
rfgaailiu ,-  g,  MnbclliUB :  T.  0ii(lloii  of  tbe  pom  nivlll :  s.  oltnrr  boly. 

7.  In  man  thfl  CeTebnini  is  to  the  CfR-Jwlhini  na  9  to 
1.     In  the  lower  vertebrates  the  preponderance  ta  still 
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greftter.  The  oorebnim  is  i«  our  artificial  syat«m!t  coui- 
uonly  divided  into  ibreo  lobes.  Tlie  frontal  lobe  is  that 
portion  which  liai  in  front  of  th«  deep  lis-surn  nniiiv<l  afli^r 
Rolnndo;  between  Hint  fisstiix:  and  tlic  "internal  perpen- 
diiMiIar  fissure"  lies  the  parietal  Inbe;  hctiind  tins  we 
have  tlw  occipital  lobe ;  an<I,  below  tht>  fissure  of  Sylvius, 
the  tempero-sphenoidal  lobe.  Kacb  lobe  is  again  snbdi- 
vidi-d  according  to  itt  oonvolution^ 

The  disposition  of  tbo  fibres  in  the  brain  is  far  too 
complex  U)  be  accurately  followed.  All  thnt  we  can  sny 
is,  that  there  are  strands  which  connect  one  convolutioQ 
with  another,  strands  which  connect  one  hemisphere 
with  nnolbvr,  stntuds  which  connect  ccrobrum  with  cere- 
bellun],  and  stiands  which  connoct  the  cerebrum  with 
the  lower  ganglia.  It  is  important  to  conceive  this  dis- 
tinctly ;  for  we  sliall  hereafter  see  that  the  function  of 
the  Itrain  (by  brain  i«  bore  niiiant  both  Cerebrum  and 
Cerebellum)  is  not  that  of  innm'ah'on,  but  of  incitatt'on 
and  rtffidatum.  To  speak  motapborically.  it  is  the  coach- 
man who  holds  ill  his  hands  the  reins,  and  guides  the 
team.  One  caidioal  fact  should  nm-st  attention,  namely, 
that  not  a  single  nerve  in  the  body  has  its  origin  or 
centre  of  innervatioa  in  the  ccrebnink  and  ix^ridiellum. 
The  olfactoTy  and  optic  nerves  do  indeed  i(tm.  to  issue 
from  the  cerebrum  :  and  are  commonly  described  as  cer- 
ebral ner\'es.  Hut  the  facts  of  Development,  minute 
Anatomy,  and  Experiment  prove  this  to  I)e  inexact. 
Although  I  shall  continiio  to  speak  of  the  olfactory  and 
optic  nerx'es  in  accordance  with  universal  usage,  not 
wishing  to  burden  the  reader  with  unnecessary  iBnova- 
tions,  I  must  at  iho  outset  express  my  opinion  that  these 
nerves  cannot  Iw  brought  under  the  same  general  typo 
as  the  othvr  seusor)-  neri'es,  Enibrj'ology  and  Anatomy 
sii{n«est  that  they  have  no  more  claim  to  the  title  than 
the  cnira  ctrtbrL     Of  this  hcrcaflvr.     Setting  these  aside, 
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no  one  BOW  rel'useii  l'>  ncktion-leil'^  Uint  Cerebrum  and 
Corubclluin,  alttioui^h  cLOtrcs  of  Incitation  ttiiil  Associa- 
tion, are  not  the  centres  of  tlira^t  [uiicrvalion:  the  or- 
gsnie  moehaiusm  in  all  its  phgsiotoijical  processes  will 
act  independently  of  them  (so  far  as  siicli  artifiuiul  dis> 
tiuctioiis  fire  aiiuiijisible  at  all).  This  doe.'i  not  throu' 
a  doubt  OD  their  physieioifkal  fiin«tioiis,  nor  on  tlicir 
Vanici)<atioa  in  the  iionnal  execntioii  of  physiological 
processes. 

8.  From  this  rapid  sun'ey  two  important  ijoints  may 
he  sulccted  for  special  aiteutioa  Firat,  tho  mntinuity 
of  the  neural  axis  throughout;  secondly,  thii  fuLdumcntal 
siniilnrity  of  M  stradutt,  iiiKh-rlyiny  great  variations  in 
its  form  and  connections.  This,  which  is  thu  iinutoinienl 
expression  of  the  Unity  of  the  nervous  system,  will  be- 
come moro  evident  nfler  wo  have  exi)OUtidcd  what  Em- 
bryology nnil  Microscopic  Anatomy  teach.  We  may 
Uierofore  digress  hero  awhile  to  consider 

THE  EAIILV  rORMS  OF  SEBTE  CESTEES. 

9.  In  the  outermost  layer  of  the  genninal  membrane 
of  the  embryo  a  (jroow  npiiciirs,  which  deepens  as  iln 
eJdes  grow  upwards,  and  iinally  close  over  and  form  a 
canal.  This  canal  is  composed  of  cells  all  alike.  Its 
foremost  extremity  soon  bulges  into  tlirce  well-utarked 
enlargements,  which  are  then  called  iXxa  primUh't  ttrthral 
uxieUs,  The  cavities  of  tJiese  vesicles  are  continuous. 
Except  in  position  and  sixe,  there  are  no  discernible  dif- 
ferciiix-s  in  these  vesicles,  which  are  known  as  the  Fore* 
brain.  Middle-brain,  and  Hind-brain. 

10.  The  Fore-brain  soon  bud.t  off  from  each  side  a 
small  vesicle.  This  is  the  optic  vesicle,  the  first  rudi- 
ment of  what  sul>ser{uently  becomes  optic  nerve  and 
retina.  At  thiK  jwriwi  it  is  Kimply  n  vesicle  wiili  a 
h(^w  stem,  the  cavity  being  continuous  with  the  cavity 
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of  th«  cerebral  vesicle,  and  the  walls  contiDuons  witb  Uie 
cerebral  wall. 

It  tbus  appcan;  Uiat  the  retina  and  optic  ''oerve"  are 
primitive-  portiaiiA  of  tlie  btain  —  a  detached  sugmeDtot' 
the  gttDeral  ecutrc.  ideuticsl  in  structure  wltJi  the  cerebral 
vesicle,  and  not  unlike  in  form.  A  ciip-like  depremion 
quickly  forms  iiiu  u|>ti(;  vesicle  into  no  inner  and  an  outer 
fold.  The  loner  or  concave  fold  l^ecomes  tbe  retina,  and 
the  outer  or  ronvcx  fuld  (ihal  lu-arc-^t  to  ibc  brain)  be- 
comes its  cborotd  nieinbraue.  On  ttio  fourtli  day  of 
inculjstion  thu  reliiia  of  Mte  chick  is  cui»}>08(h1  of  .'^piudle- 
shaped  cells,  all  alike.  On  the  seventh  day  there  is  a 
differentiation  into  layers,  one  of  which  on  tlie  eighth  day 
is  granular;  on  tlie  tenth  two  are  granular;  and  on  the 
thirteenth  gaugtioiiic  cells  appear.  Somu  of  the  cells 
have  elongated  into  radial  fibres  (known  as  Kliiller'a 
fibres) ;  and  with  the  nppcarance  of  rods  and  cones  tlie 
normal  n-tinol  elements  aru  complete. 

1!.  The  researches  of  Foster  and  Ilalfour*  confirm 
tht*  stalvnient  tlisit  all  thu  ditlV-rfiit  piirla  of  the  retina 
(whether  nenous  or  connective)  are  derived  from  oiio 
and  the  same  layer  of  einbr^'onic  cells,  which  originally 
fomiwl  a  pmrtion  of  the  lirst  cerebral  vesicle. 

12.  Meanwhile  the  hollow  stem  of  this  optic  vesicle 
begins  to  develop  fibres  amid:^!  the  nuclei  of  its  walK 
The  "  optic  nerve  "  arises :  it  is  still  hollow ;  and  in  birds 
remains  so  through  life.  The  fibres  as  they  ai-e  devdoped 
ffrotc  /orwards  towartU  Ihe  retina,  and  spread  over  iu  in* 
temal  surface.  TA^r/  ulmffrQic/orwardA  totcard*  the  brain, 
and  spread  over  its  substance ;  but  it  is  no/,  as  might  be 
supposed,  and  is  generally  believed,  wiUi  the  cerebral 
hemispheres  (or  that  portion  of  the  Fore-brain  from  which 

"  Fun'KRimdBAi.nirE.  E-'rmatUtf  Enbryoliiyii,  I'att  I,,  187*.  Comp. 
Hcliw^ue,  uu  pit  Rttina,  in  llio  StaijimA  der  Augmkttihfda  of 
OKAKTit  Harf  SaUUcii,  187t,  I.  313, 
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theao  ore  derived),  but  witli  the  MidiHc-bmin  (which 
becomes  the  corpora  quadrigcmina),  that  the  optic  fibres 
are  in  connection.* 

13.  This  will  l>t'  imdcrstuod  when  the  further  develop- 
ment ia  traced.  The  Fore-brain,  after  budding  ofT  the  optic 
vesicles,  buds  off  two  larger  vt^sicles  —  th«  ftiture  cerebral 
hemispheres.  ThiH  is  noticeable  on  the  Hccond  day  oT 
incubation,  and  by  the  third  day  e<u.-]i  vesicle  is  as  Jari^o 
as  the  whole  of  the  original  Fore-braiiL  Tlieir  develop- 
ment ia  es-wntially  like  liiat  of  the  optic  vesicles ;  both  as 
to  the  cellular  and  the  fibrous  elenienta. 

The  coavolvtiojts,  corpus  callasiim,  nutlnis  lfiiti/wmi$, 
and  corpora  striata  ore  then  indicated.  Aleanwhilc,  that 
which  originally  vaa  the  Fore-brain  has  lapned  into  the 
tecondaiy  nnk  a»  lutermcdiatC'bmin  {Z^oisrJimhim),  and 
becomes  the  ports  surrounding  the  third  ventricle,  namely, 
llie  iJialami,  (orpoi-a  candicanfia,  i^/uTuiUnilum,  and  what 
is  called  the  ■■posterii>r  perforated  Bubstance," 

14.  Tlio  SSiiliUe-hmin,  or  Sccouil  Vesicle,  develops  the 
corpora  ^adiigemiva  from  the  roof  of  its  cavity,  and  the 
erura  cerefn-i  trviu  il-s  floor. 

The  Hind-brain,  or  Tliird  Vesicle,  divides  into  two,  like 
the  First  Vesicle ;  tt  buds  off  tlie  hemispherea  of  the  cere* 
bcllum ;  its  cavity  forma  the  fourth  ventricle ;  its  walls 
the  medulla  of^hn^nln. 

1 5.  It  thus  a])pcars  that  the  primitivu  membrane  forms 
into  a  canal,  which  enlarges  at  one  part  into  three  vesicles, 
and  from  these  urv  develojK.-d  the  encephalic  structures. 
The  continuity  of  the  walla  and  cavities  of  these  vesicles 
is  nnver  obliterated  throiigliout  the  aiibsci|uent  change*. 
It  is  also  traceable  Ihmughout  the  medulla  spinalis.  And 
microscopic  investigation  reveals  Ihat  underneath  all  the 
morphological  changes  the  walls  of  thu  whole  ccnebro- 

•  Tht.  d**(>l(>|<mciit  o(  the  ulbctory  lobe  ud  bolb  U  timilw :  it  need 
Rot  ht  follovnl  hnv. 
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spiunl  nxis  are  compoaed  of  similar  elements  on  a  simiki 
plan.* 

16.  Two  conclusions  directly  follow  from  thia  cxpoai- 
Uon:  —  first,  lliat  since  the  rirueittre  of  iht,  ffnat  axit  u 
axryuskere  sitnUar,  the  properties  mutt  he  similar;  sec- 
ondly, tbat  since  there  is  strvetural  continuity,  no  one  part 
eem  be  called  into  aetivittf  without  at  the  savie  time  nwrt  or 
lest  exa'ting  that  qf  all  the  mt. 

THE   PERirilEB-U.  8TSTEM. 

17.  Following  tlie  analytical  diviaiou,  we  now  come  to 
the  Peripberal  System  of  nerves  and  ganglia  Tlie  »epa»- 
tioo,  I  nmst  on«n  repeat,  is  purely  artificial ;  but  tbe 
artifice  has  eonvenieticcB.  We  separate  in  Uie  same  way 
the  heart  from  veins  and  arteries,  and  tbe  capillary  cir- 
culation from  the  arleriaL 

Eaoh  nerve  has  its  dirert  connfiction  with  a  particular 
Mulre,  and  indirectly  with  the  whole  system.  It  has  its 
cipcumacribed  tonitory,  and  individual  ofTice.  Except  in 
a  few  ciuc$  of  onastomosis,  the  action  of  one  nerve  does 
not  involve  that  of  another:  only  one  muscle  or  one 
group  of  niu.«cle$  is  moved,  without  exciting;  motion  in  a 
neighbor.  It  is  through  the  centres  that  these  indindual 
teiritories  are  united ;  and  a  wave  of  excitation  always 
lasses  tJirou;;hout  the  central  substance.  Thus  the  cen- 
tres are  not  aimply  oi]rans  of  association,  conscquenUy  of 

'  Ormian  tDXlonikts  diride  thU  axis  inla  trunk  uid  cniirn  (Hini. 
itamm  nnil  i/>rnDi'Tn/<0.  Tlwrv  In  mTiii>iiirni-i'  in  tliiH  <livi>lon.  If  we 
lemore  Ul  the  gny  miiHfr  of  the  cpruliriiiii,  wilh  all  the  whit*  tnMter 
ndluing  rniin  it,  until  bv  a^ln  mmv  upon  gray  mnttcT  —  sud  if  wo  t)i«u 
cnt  tha  ctntvUutii  fmin  !t*il««e«ndiiigflmiil«(>f  mhilt^  initlor  —  wo*h«t1 
htrt  mnoml  the  (TMm,  und  Icatv  tho  f T-uuit  rrwolninft.  Thl>  tnuk  ti 
MilUtitnti^  by  the  corpora  itmln.  niivleu*  Imtirortnit.  optJF  tlinlnmi.  cor> 
inn  qiiwlrigmi !■><>■  crim  <'»rr)iri.  iK'im.  mriltitlii  <'l]lou^ila.  iinil  itiiilullit 
■pnalU.  From  Ilil*  tiiink  alt  liu'  orRnniiof  tho  Ixoly  itre  iliiwlly  innnr- 
™trf  (excrpt  tliiMe  inncr™trj  (rtmi  the  ■ytniMlhcticf;. 


ITS 
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n^fululioD.  but  Are  tb«  nexus  whereby  the  diversity  of  Dm 
actions  is  integrated  into  tlic  unity  uf  cunsensuii. 

la.  14'olhiog  further  need  at  present  be  stated  respect- 
ing the  nerves ;  but  it  is  needful  to  give  precision  to  th« 
ideas  of 

OAKGLU  JiSU  CE.VTRE8, 

usually  spoken  of  us  if  tlicy  wore  cou^-crtible  terms.  That 
this  it*  iiic-XMct  may  be  readily  shown,  and  tliac  it  is  mi^* 
leading  appcan  in  it*  cuiuiiig  physiologists  to  credit 
every  ganglion,  wherever  found,  with  central  functions ; 
and,  by  an  almost  inevitablu  extension  of  tbe  error,  baK 
led  to  tlie  asaiynment  of  central  functions  to  a  single 
gUglioDic  celt!  This  is  but  pnrt  of  that  " aupct»tition 
of  the  cell "  against  which  I  sliall  have  to  protest.  I  will 
not  here  raise  tlie  doubt  which  presses  from  various  sidex 
respecting  the  CL'ntnil  functions  of  tbu  ganglia  In  the 
heart  and  intestines,  because  the  reader  periiaps  shares 
the  general  opinion  on  that  point ;  but  let  mo  simply  ask 
what  central  function  can  possibly  be  a-''signed  to  the 
ganglia  on  each  of  the  spinal  sensor^'  nerves  ?  al>ove  all  to 
those  grouped  and  scattered  ganglionic  cells  which  are 
found  at  the  peripheral  termination  of  some  nerves,  and 
in  the  vcr}-  trunks  of  otiieis  i  Tlierc  may.  indeed,  be 
imagined  a  central  function  for  tlic  ganglia  in  the  mesen- 
tery, and  even  in  tlie  clioroid  i!oat  of  tiie  retina,  on  the 
hypothesis  (quite  gmtuituus,  I  think)  of  their  regulating 
the  circulation ;  but  even  this  explanation  cannot  be 
atioptcd  with  iiospect  to  the  ganglionic  cells  wliicli  n])pcar 
in  the  course  of  the  norvc* 

*  "Od  tfttt  fiiDeeafii  duiAU  tp^uJ  que pauvaicnt  jon(T Ics uragli- 
<>iiR  jKrL|i1iori<jii»  (itii^  iImu  le  vuiiini^  da  wrtaiiMa  oiigntiM  i  K  on  it 
pntti-iiilii  i|iii<  !i<*  iiirfu  na  Jnliimoirnt  ilii  If^r  pKrt>riiltii  iragir  rat  cei 
oigiuio  ijii'mpria  avoir  travcnu  «■«  pinsUon*.  On  avull  ailnil*  (jiin  I'Mri- 
Mlion  )K>rtfD  *UT  ]«>  filrt  Dprvriix  mniit  ion  entri  dnni  \e  (puiffljon  ntiiil 
Mn>  rflct ;  (|iir  f-iMt  n)>t<-iiir  VwlEoii  rxcilaliJi-*  dm  fooFlioiu  dr  VatgM' 
U  fUliit  tiuit«r  l«  neti  cnttc  lui  ot  le  ipnglioii  voi«in." — CUVDlBkS' 


THE  NBBV0U8  UBCBA^visu. 


178 


The  meaning  of  n  jiliysi'ilogicnl  c«itti«  ifi,  Uiat  it  in  ii 
point  to  which  stimnlutions  procudd,  nnd/iwti  which  thvy 
are  reflected.  The  meaning  of  a  ganglion  is,  thnt  it  i»  a 
group  of  iivi'vc  ovUs  ilispersvd  ainoug,  m-  in  cnntiniiiilioti 
with,  nerve  fibres ;  it  may  be  a  centre  of  reflection,  or  it 
muy  not :  and  in  Uic  latter  case  its  physiological  oflicc  is 
at  present  utideteniiiii«cL  A  ganglion  is  no  more  a  centre 
in  virtue  of  itn  cell-group  than  a  wtiscle  in  a  limU  All 
fanction  depends  ou  connection,  ami  a-ntral  function  do- 
niands  a  connection  of  all'ei'ent  and  efferent  parts. 

19.  The  ganglia  found  in  the  ventml  cord  of  the  Inver- 
tebrate (see  Fig.  1)  are  centres,  each  of  which  has  conaid- 
eiaUe  iud(;]K.-ndence,  each  regtiUting  a  single  segnicnl  of 
the  body,  or  a  group  of  similar  segments.  As  the  scale 
of  animal  complexity  ascends,  these  sepnmlcd  centres  lend 
more  ami  mor«  to  coalesce,  nod  with  this  coalescence 
conies  wi  increasing  roinbinalion  of  movements.*  Ob- 
serve the  caterpillar  slowly  cmwling  over  a  leaf;  each 
sclent  of  ita  Imdy  moves  in  succession ;  but  when  this 
caterpillar  becomea  a  butterfly  tin'  body  moves  rapidly, 
tad  uU  at  onue.  Oi>cn  the  caterpillar,  and  you  tind  its 
nervous  centres  are  thirteen  separate  ganglia,  each  presid- 
ing DX'erti  distinct  part  of  the  Ixidy,  and  each  capable  of 

KjUtD,  S^me  S'ertmar,  It.  KtC.  Itut  on  {<rocwditig  tn  vrrify  llirxi 
atattiiMont*  l>y  <'Ippri^llrll^  Bkbnakii  is  M  \o  llin  conoliiMon.  "cjue  In 
gmgliaB  n'a  pu  d'lnfluarici'  ]iro|in>  ftur  1«  iiiiHia  da  I'udUitiuii  traiumiw 
It  r<npne." 

1  «M  ilelighlMl  la  lini]  vay  opfiocitioii  to  tht  ciinvnt  trni-liing  rtiptvt- 
tngtli*  cwtnl  fuiirUiiiH  of  (^n)tli"iii<'  veWn  ihiinnijtlily  bnmf  oiit  by  llio 
dcbaralcmtHTpiinof  Siijittivn  MAvru  {ArrhiB/ar  Ppir-kiatrit.  lU.  Vt, 
Htft  Sj.  tiai'ii)};  iirtiricinily  produced  sucli  «Ui,  he  ]-rdiliDCitly  iwkii, 
Kaw  cut  «•  nUhl'iili'  cniilml  (uni'tionH  to  <«1U  vrlikli  Hjiimir  in  the  |>ra- 
lof  TPgcDFintloii  of  a  iil»ic!i5i1  nene.  I  Tlici  error  liu  It*  origin  ia  tli<? 
oantaucm  erf  rnnctions  witli  propcrtie*. 

*  II  t*  onrii,  lbuii){1i  iiirumvtly,  •i<*tvd  l)i*I  vvery  Mgmcfit  of  an 
■BDuliMO  uitnul  hay  iU  noimmlr  jpiitetioii.  Tlin  fiu'l  ia,  timt  whili^  the 
pnglw  an  nniolly  fever  tlina  the  icgmcnU,  they  ore  tomcliiura  mors 
miawroiUb 


174 


THE   raVSICXL  BAStS  07  UIXD. 


indepeiiilent  action.  Open  the  hutUirllj",  and  you  fiml  the 
Ihirtcoii  gkiiglia  gccatly  chaiij^d:  the  second  ami  third 
are  fused  into  one ;  the  fourth,  lifth,  and  si\t)>  into 
another ;  the  eleventh  and  twelfth  into  another ;  the  only 
trace  of  the  original  sciiaration  is  in  a  slight'  constriction 
of  the  surface.  Tlie  inovement»  of  tht^  cateqitllar  were 
few,  simple,  slovr,  and  those  of  the  butterfly  arc  many, 
varied,  ttn<l  rapid. 

20.  Id  the  Vertebrat«s  the  coalescence  of  gnnglia  is 
such  tliat  the  spinal  axis  is  one  great  centre.  We  do 
indeed  anatomically  and  physiologically  HulMlivide  it  into 
several  centres,  because  several  portions  directly  innervate 
3e]>antte  organs;  but  its  importance  lies  in  the  intimate 
blending  of  all  parts,  so  that  JluctiutHnij  mmhimtliont  of 
iLi  elements  may  ari.se,  and  varied  movements  I'eault 
ICacIi  Centre  combines  various  muscles ;  tlie  axis  is  a  com- 
hinatioit  of  centres.  Tho  brainless  frog,  for  instance,  has 
still  the  spinal  cord,  and  therefore  the  power  not  only  of 
moving  either  of  his  limbs,  but  also  of  combining  their 
separate  movements  :  if  grasped,  lie  Blrugglw  and  escapos ; 
if  pricked,  he  hops  away.  But  these  actions,  although 
complex,  are  much  K'-^s  complex  and  varied  than  the  Ac- 
tions of  the  normal  frog. 

There  is  not  only  a  coalescence  of  ganglia,  but  a.  greater 
and  greater  concentration  of  the  substance  in  the  upper 
(OTrtions  of  the  axis.  In  the  inferior  vertcbmtt^s,  and  in 
the  loamnmliatt  embryo,  the  spinal  cord  occupies  tlic 
whole  length  of  the  veitebral  canal  from  the  head  to  the 
tip  of  the  tail;  and  here  the  centres  of  retlexion  corre- 
«pou(l  with  the  several  segments.  But  as  the  cranio] 
mass  develops  there  in  a  withdrawal  of  neural  substance 
from  the  lower  parts,  and  the  cciilruB  of  rutlexion  are  then 
some  way  removed  from  the  segments  they  innervate.  In 
the  animal  development  then;  is  even  a  greater  and 
greater  predominance  of  the  upper  portions,  so  that  tho 
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bmin  &ik1  medulla  oblougnta  nre  of  infinitely  moTO  impor- 
tattce  titan  the  spinal  cord. 

21.  Besides  the  oentniJ  group  of  «lom«»(.t  which  belong 
to  fixed  and  dcliiiitv  uotioii^,  wc  must  couceivo  these  ele- 
menta  capable  of  variable  combinatioiia,  like  the  pieces 
of  colored  gla^  in  a  kaleidoscope,  which  fnll  )ut<j  ii«w 
groups,  each  group  having  it«  definite  though  temporary 
form.  Tlie  elementa  constitute  really  a  coiitiiiuou!i  net- 
n-ork  of  variubl*!  forms.  It  is  to  such  combinations,  uud 
not  to  fixed  circumscribed  ganglia,  that  we  must  refer  tJie 
sutiorditiate  centres  of  the  axis.  We  Hjtcak  of  a  centre 
for  Itespirnttou,  a  c«ntrc  for  Lnu^^liing,  a  centre  for  Cry- 
ing, ft  centre  for  Coughing,  and  so  on,  with  as  much  pro- 
priety as  wc  ^'VAk  of  a  centre  fur  Swallowing  or  for 
Walking.  Not  that  in  these  cases  there  is  a  circumscribed 
moss  of  central  sulistance  set  apart  for  the  innervation  of 
the  several  muscles  employed  in  those  actions,  and  for  do 
other  purpose.  Each  action  demands  a  definite  group  of 
neural  el«nicnt«,  as  ench  geometric  form  in  tbo  kaleido- 
scope demands  a  definite  group  of  pieces  of  glass;  but 
these  same  pieces  of  glass  will  readily  enter  into  other 
combinations ;  and  in  like  manner  the  muscles  active  in 
Respiration  are  nlto  active  in  Laughing.  Coughiug.  etc., 
though  differently  innen'ated  and  co-or<liuRt«d. 

22.  The  [rftysiological  rank  of  a  centre  is  therefore  the 
expression  of  its  power  of  fluctuutiug  combination.  The 
medulla  oblongata  is  higher  than  the  medulla  spinalis, 
because  of  its  more  varied  cnmbinationft ;  the  cerebrum  is 
higher  than  all,  because  it  has  no  fi.xetl  and  limited  com- 
binations. It  is  tbe  centre  of  centres,  and  as  audi  tlia 
saprvmc  orgniL 
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CHAPTER    II. 

SCnOSAl-  ItKLATIOSS  OV  THE  NERVOUS  8 

E  di!(tinguishal)le  parts  of  this  «yat«i 
is,  tlic  urauial  nerves,  luid  the  Hjiiiial  no 
of  •;angliu  and  nerves  composing  th 
et  V3  briefly  set  dowu  what  is  know 
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ry  early  discovered  that  the  nerves  wei 
itraut  to  Sensation  and  Movement; 
lya  being  accompanied  by  insciisibilit, 
a  the  limb.     Galon,  obsen'ing  that  pa 
sometimes  occurred  witlioul  itisensib 
it  there  were  two  kinds  of  nerve ;  bi 
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n-BS  able  to  Tunitsh  sntisfoctory  evidence  in  support  of 
tliM  suggestion  until  early  in  the  pr&<eiit  c^ittury,  ivhen 
Ihf  experiments  of  Cliaili-s  Ittll.  perft-cu;(l  by  tboso  of 
Majendie  and  MiilUr,  jilaccd  tbe  sug^stion  beyond  dis- 
pute. 

24.  Fig.  12  is  a  diagram  (not  a  drawing  of  the  actual 
aspect,  which  would  be  tiardly  inleliigihlc  to  readers  un- 
rened  in  such  matUsrs)  rcprGscutiug  two  transverso  8©o- 
tioQS  of  tlie  spinal  conl  jiiat  where  the  nei-ve-roota  issue. 
Tlic  ^n^y  substance  js  8uni<-wbat  iu  the  forui  of  a  rudu  H, 
in  tlie  dorsal  n^gioii,  and  of  the  expanded  win^  of  a  butter- 
Hy  iu  tlic  lumbar  cnlarguuicuL^  (Figs.  4  -  6) ;  the  extrewi- 
itiea  of  tliia  gray  substance  are  the  ankrior  arid  ponlcrior 
horns.  Wu  liuve  already  said  that  from  the  anterior  horus 
of  each  half  baue  the  roots  of  the  motor  nerves,  which 
\as^  to  the  muscles.  From  the  posterior  horns  issue  the 
sensory  neri'es,  which,  soon  after  leaving  the  cord,  enter 
the  ganj^lia  before  joining  tliu  motor  nerves,  and  then  pas.<« 
to  the  akin,  in  the  Hame  sheath  with  their  companions, 
sepwrating  again  an  they  reach  the  muscles  and  surfaces 
where  they  are  to  be  distributed.  When  this  mixed  nerve 
i»  cut  tlirough,  or  tied,  all  seii.«ation  iind  movement  disap- 
poar  from  the  purls  iimemited.  But  if  only  one  of  the 
roots  be  cut  through,  above  the  ganglion,  there  will  Uien 
bo  only  a  ]os$  of  moveTiienl  or  a  loss  of  sensation.  Thus 
suppose  the  section  be  made  at  a,  b.  A:  we  have  then 
ilividctl  a  sensory  nerve,  aud  no  pinching  or  pricking  of 
the  part  innervated  by  that  nerve  will  l>e  felt ;  but  raove- 
in^at  >v.-ill  take  place  if  the  under  nerve  bo  irritated,  or  if 
RSeusalion  ttteichere  be  excited.  Now  teveree  the  experi- 
ment, ^  At  B,  f,  il.  Tlien.  pricking  of  the  skin  will  be 
felt,  but  no  movement  will  respond  Tlio  nerve  which 
enters  the  cord  at  the  upper  (posterior)  part  is  therefore  a 
sensory  nerve ;  that  which  entera  at  the  under  (anterior) 
jort  is  motor.  The  direction  is  in  each  cose  indicated  by 
«•  t 
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the  aiTow.  The  central  etid  b,  if  irriuiti-d,  will  produce 
seoaatiOD ;  whereas  ttie  peripheral  end  a  jiroducus  nt>itli«r 
Searation  nor  moveinetit.  Tlie  central  end  <l  pruliices 
natbet  sensatiou  aor  inovcmi;nt;  the  i>eripheml  end  ■; 
produces  movement. 

25.  Two  facts  arc  proved  by  these  exporimcnU.  Firat, 
tliat  the  co-operation  of  the  centre  is  aectaasry  for  Sensa* 
tiou,  biit  not  for  Muvcitient.  Althuu(;h  uormally  all  the 
muscles  of  the  trunk  are  moved  only  when  their  centre 
b(i$  been  excited,  yel  any  irritation  applied  direclly  lo  the 
muscle  nerve,  even  when  separated  from  its  centre,  piis- 
duces  a  movement.  And  to  this  we  may  add  that  a 
slighter  Blimulus  will  move  the  muscle  by  direct  irrita- 
tion of  the  nerve,  than  by  indirect  irritation  through  tlie 
centre ;  a  slighter  stimulus  also  will  siiflice  when  applied 
to  the  nerve  than  when  applied  to  the  muscle  itself. 

20.  The  secoud  fact  proved  is  known  as  BtU's  Law, 
that  the  sensoty  and  motor  channels  are  respectively  the 
posterior  ami  anterior  nerves.  Tlio  fact  ia  indisputable, 
but  its  theoretic  iiiter^iretation  can  no  longer  be  accepted 
in  its  original  form.  Bell  supjKised  the  two  nerves  lo  be 
diflerent  in  kind,  endowed  witli  different  RjK'cific  energies, 
the  one  sensitive,  the  other  motor.  The  majority  of  writ^ 
ert  still  expresti  themselves  aa  if  they  adopted  tliig  view. 
We  Bhall,  however,  presently  scli  reason  for  replacing  it 
by  the  more  consistent  interpretation  which  as-iigna  one 
and  tlic  same  pro)>erty  to  both  nerves,  marking  their  dis- 
tinction by  the  terms  afferent  and  efferent ;  the  one  set 
being  anatomically  so  dUposod  that  it  conveys  stimuli 
from  the  surfaces  to  the  centre,  and  th«  oilier  set  conv^- 
ing  stimuli  from  tlie  centre  to  the  muscles,  glands,  and 
other  cells." 

*  II  hu  b«Fn  proved  that  the  l'sUii  of  the  comva  and  tht>  pi^ent  c«lU 
of  tlM  skin  cunlnrl  imdeT  nervouB  excitation.  We  (cannot  nippMe  tliat 
altlioagh  U>«w  are  tlw  «aily  o«U«whicb  hsn  kiUiulft  been  bMDght  nndtr 
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27.  Bell's  dttoovcry  was  rapidly  generaltzccl.  The 
principle  of  localization  was  exU-iKlcKJ  to  nil  nerveB,  and 
of  coursv  U)  tlic  [Kislfrior  ami  anterior  columns  of  the 
spinal  cord,  which  indued  wcr!  assumed  to  be  coniinua- 
ttons  of  the  nerves.  Bell,  wito  was  greatoi-  ns  an  aiiuUi- 
mist  than  as  a  philosopher,  always  mnintuiiied  that  nna- 
toniioil  deduction  was  su[>ertor  to  experiment  Hut  thiy 
was  to  uiisund<;r»taiid  the  reacit  of  doduction,  which  in 
only  valid  to  the  extent  of  its  premiaea,*  In  the  present 
case,  thu  premises  aasumed  that  the  postviior  colnniris 
were  continuations  of  the  posterior  roots,  and  carried 
impresflions  to  the  brain,  the  anterior  columns  carrying 
back  from  thu  brain  the  "  mandates  of  the  will"  Exper- 
iment has,  however,  decisively  shown  that  it  is  not  thro\igh 
the  posterior  columns  that  sensory  impressions  travel  to 
the  brain,  but  through  the  central  gray  substance. 

28.  Tliu  spinal  cord  with  its  central  gray  substance  is 
at  each  point  a  centre  of  reflexion,  ('onnectcd  as  it  is 
with  different  organs,  we  artiHcially  consider  it  as  a  chain 
of  different  centres,  and  tty  to  detect  the  functional  rela- 
tions of  its  parts.  Xho  inquiry  is  imimrtant,  but  we 
must  hear  in  mind  the  cardinal  principle  thatdiveiBityof 
Function  depends  on  the  organs  inuervat^id,  and  not  on  a 
diversity  of  Property  in  the  nen'ous  tissue.  Although 
all  uen'es  have  a  common  structure  and  common  prop- 
erty, yet  we  distinguish  them  as  sensory  and  motor ;  and 
the  sensory  we  subdivide  into  tliose  of  Special  Sensation 
and  Uiose  of  Systemic  Sensation.  The  motor  we  divide 
into  muscular,  va.tomotor,  and  ghuidiilnr.  The  h)'potbesis 
of  spccifK;  energies  must  be  relinquished  (§  63). 

cxparimMiUl  obwrvntioii,  they  ue  the  only  riUm  (uly'ect  to  nervo-lntlii- 
«noe.    We  m»j  nfcty  uiumc  ttmt  irhntvvrt  *  iii'ivv'tibn'  tcniiinatn.  iu 
■eUon  will  b«  truiifonnc4  inio  on  excitation  of  thn  part.     lUHrnally, 
llMNVtr,  motof^nerm  are  >pob«n  of  im  muEiclo-iicrrci. 
■  Od  DedoctleD,  wPnbltm:  Fird  Srriet,  Vol.  II.  p.  ISB 
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tn  like  manner  aU  centres  have  a  common  structure 
and  a  common  jmiiwrly,  with  a  yrml  divei'sily  ut'  I'uiic- 
tionol  relations.  litre  also  the  hypothesis  of  spuciGc 
energies  has  been  genemlly  adopted,  owinj;  tu  a  niiitaken 
conception  of  the  biulo^iL-al  princiijlo  just  montioucd. 
The  ccrubml  Iicniispheras  are  creditetl  with  Uie  propertiea 
of  sensation,  thought,  and  volition  ;  the  cerebellum  witJi 
tho  property  of  muscular  co-ordination ;  the  spinal  cord 
with  the  property  of  reflexion. 

29.  No  attempt  to  assign  the  true  fanctional  relationa 
of  the  centres  will  be  nude  nt  the  present  sUge  of  our 
exposition.  We  must  learn  mort'  of  tlio  processes  in  Sea- 
fialioii,  Tliought,  and  Volition,  liefore  we  can  unravel  the 
complex  physiological  web  on  which  th«y  (ieiJimd.  But 
horc,  provisionally,  may  be  act  down  what  oteen'ation 
and  experiment  have  disclosed  respcc'tiii<;  t!m  part  pluyvd 
by  certain  centrest.  Wo  know,  for  example,  that  when 
tlia  cerebml  hemispheres  are  carefully  romovtid  from  n 
Nptile  or  a  bini,  all  the  essentially  eital  functions  go  on 
pretty  much  as  bcforL>.  but  a  great  distiirhnnce  in  some 
of  iiia  p«ychiral  functions  is  observeil.  The  brainl«JS  bird 
cats,  drink*,  slcejis,  moves  its  limba  separately  and  in 
combination,  manifests  sensibility  to  lighl.  sound,  and 
touch,  performs  such  instinctive  actions  as  preening  its 
featJiers,  or  thrusting  the  head  under  the  w'm^  while 
roosting'.  Throw  it  into  the  air  iind  it  will  lly.  lu  its 
flight  it  will  avoid  obstacles,  and  will  alight  upon  a  ledge, 
or  your  shoulder.  Itut  it  will  not  fly  unless  thrown  into 
the  lur;  it  will  not  escape  through  tho  open  door  or  win- 
dow ;  it  will  avoid  objects,  iiut  will  show  no  feai'  of  them, 
—  alighting  on  your  head,  for  cxampk,  witliout  hesita- 
tion. It  is  sensitive  to  light,  and  may  in  a  certain  sense 
be  said  to  .*cr,-  but  it  fails  to  perceive  what  is  sn-n.  It  will 
CAt  and  drink,  if  food  and  wutvr  be  administered,  but  it 
will  starve  near  a  heap  of  gi-ain  and  never  peck  it,  not 
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■M  the  beuk  bo  thrust  into  tbe  heap.  A  gniii,  or 
Ktrip  of  meat,  luay  lit-  Llinixt  iiifliile  tbe  U'ak ;  then5  it  will 
iviuuiti  iiiisM*ulluw«^'(l,  iiiili-M  it  luiidn.-;)  tliv  Uick  ui  tbe 
uioulJi,  tlieD  8U'alIowiii<;  at  onco  t'ullunii  tlie  8tUiiulu3. 
Tlte  t>inl  urilk  iu  bntiii  will  lly  away  if  yuii  Ltiiii  tbe 
linger,  or  stick,  on  wbicli  it  is  pcrcbJD^;  itnlJiout  its 
Ivttiti,  it  makct  uo  attempt  to  lly,  but  ttulters  iU  win^, 
and  balances  hstif.  If  yuu  oi>cii  tlii:  niuulb  of  a  citt,  or 
robtiitv  and  drop  in  some  bitter  tluid,  the  animal  closes  ita 
inoiitb  firmly,  uiij  rusists  your eflbrty  to  repeat  tbu  act; 
vitbout  ita  brain,  ibe  animal  stions  tbe  same  disgust 
St  tliv  taslc,  but  novur  rosisu  the  prehiniiiaiies  ul'  the 
repetition. 

30,  Tbcsv,  un<i  uuulogons  facts,  bavc  been  noted  by 
X'arious  exporinient^rs.  They  are  very  fat  from  proving 
what  is  u»iiuliy  umicludeil ;  but  they  prove  tbe  important 
oegative  ixtsition  lliat  the  cerebrum  is  not  the  centre  of 
innervation  for  any  of  the  organs  on  whicli  tbe  observed 
actions  depend.  Tiius,  tlie  cerebrum  is  not  necessary  to 
sight:  O'ffo  it  does  not  tnnerxate  the  eye.  It  is  not  neces- 
sary to  hearing :  rryo  it  does  not  innurvatu  tlie  car.*  It 
H  not  necessary  to  breathing,  swallowing,  flying,  etc.: 
ergo  it  does  not  innervate  tbe'organs  of  those  functions. 

^Vltnt  llicn  is  Imtl  We  have  only  to  Toniember  that 
tbe  cerebrum  is  continuous  with  tho  thalnmi  and  cor|>on 
striata,  and,  through  ita  crura,  with  tbe  m<^dulla  oblon- 
gata and  medulla  spinalis,  to  fun-.»e  tltat  il»  removal 
must  more  or  less  allect  the  whole  neural  axis,  and  coo- 
eequcntly  disturb  the  notions  of  ihc  whole  organism ;  this 
disturbance  nill  often  have  the  appearances  which  would 

*  I  >l«  ool  hna  loudi  upon  l)ie  iiunliun  ni  to  wIkIIit  tliiun'  H''tlcinii 
nf  tlie  wiim*  »rt  unuiallota,  bicauM  that (iu*stinii  ilunianili  tlint  Mr  tlioDld 
Hnt  aellU  whut  is  Spiuntion.  1  may  >l  oticc.  liowiivcr.  ay  tint  nhat  ia 
Oldinaribr  iinilentood  «  a  nriiKatian  of  eolar,  ur  a  aansation  of  s'uiii/,  b, 
in  ny  ofrininit,  not  poniMn  Miitiiiiit  tli«  c«robnim.  Bat  tlia  tunslbill^ 
of  Ute  tft  aod  car  U  niMiilcf tly  fimavci]. 
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only  the  lateral  tobes,  aod  though  flight  is  still  poiWiblQ 
■jri-at  iHCchnrtice  of  the  wiHjjs  is  observed,  wliiTeiis  wulk- 
in^  is  not  much  afl'ected.  If  only  the  cerclielhiin  be 
ruinovcd,  the  ccrohiuni  being  intact,  Uie  phcnonienn  are 
very  different.  All  tlic  perceptions  and  almost  all  the 
cmotioiii),  idl  tlie  3]>ouianeity  and  \ivacity  are  rvtnincd ; 
but  the  sexual  instiuet,  which  vas  inaoifexted  when  the 
mrebnini  was  removed,  is  now  ((uile  gone.  Wliat  wc 
cull  Intelligence  seems  uuaflbctcd.  The  bird  hoars,  anil 
underslMids  the  meaning  of  the  soundii,  sees  and  per- 
ceives, sees  and  fears,  see^  and  ndjiuta  it«  movements 
with  a  mental  vision  of  uiiaeen  consequences.* 

33.  Are  wo  from  these  fact«  to  conclude  that  the  cere- 
brum is  the  •■  organ  of  the  mind";  that  it  is  "the  seaf 
of  »en«ution,  thought,  emolion,  volition;  and  that  lliu  cere- 
bellum is  the  "seat"  of  the  sexual  instinct,  and  muscnlar 
co-ordination  ?  Such  conclusions  have  found  acceptance, 
even  from  physiologists  who  would  have  been  startled 
liod  Any  one  ventured  to  affirm  that  the  medulla  oblon- 
gata was  tlie  "  organ  '*  of  lEespiration,  because  Respiration 
ceases  when  this  centre  is  deittroycd.  I  shall  have  to 
combat  this  notion  at  rarioua  stages  of  roy  exposition. 
Here  let  me  simply  my  that  it  is  irreconcllabli!  with  any 
clear  conception  of  orsan  and  function ;  and  i*  plainly 
irreconcilable  with  any  survey  of  jjsychical  phenomona 
in  animals  in  whom  the  cerebrum  docs  not  exist,  and 
in  animals  from  whom  it  has  been  removed. 

What  the  facts  indisputably  prove  is  that  the  cere- 
Vinim  has  an  important  jmrt  in  tlie  mechanism  by  which 
the  most  complex  psychical  combinations  are  effected. 
and  that  the  cerebellum  has  an  important  part  in  the 
muchamsm  by  which  the  most  complex  muscular  com- 

"  It  hu  Wn  ohMrrtKl  tliat  rmiovnl  of  the  pernWlum  nflWrtu  the  pifj- 
Tti<Mit  mlU  of  thr  (kill.  No  ilonl)t  "tlii-r  pnili  art'  also  »(rccleil,  but  tho 
cfaungM  Iiar«  hitlierto  ncajwd  otiKiTaiion, 
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tnnationa  are  efTeclcil  The  supreme  iuiportnnce  of  tlio 
ccTcbniin  may  be  inreiTeil  from  its  (loiiiiRnlJng  all  liie 
other  ouiitR-s,  ami  from  its  iirt'iioiideiitiicw  in  si/o.  In 
iiuii  it  stands  to  oil  tlie  other  cmiiial  centres  together  in 
the  rvktioii  of  11  to  3.  It  is  about  five  tiiiK«  «s  heavy 
aa  the  spinal  cord  —  that  is  to  say  from  l.lfJU  to  1,400 
granmies,  compared  with  27  to  30  grammes.  Th«  quiiQ- 
tily  of  blood  circulating  tlirough  it  is  iiumense.  Ilaller 
estimated  the  cranLil  circulation  as  one  tiflh  of  the  whole 
cuculatioR.  If,  therefore,  Uio  Nervous  Centre*  arc  agents 
in  the  production  of  Sensation  and  Intelligence,  by  far 
the  liirgL-st  shan;  inu^t  be  ullotled  to  the  cranial  centres, 
and  of  these  the  largest  to  the  Cerebrum. 

33.  It  is,  however,  one  thing  to  i-ecngniw  the  Cere- 
brum as  having  an  important  pai-t  lu  the  production  of 
]isycliica]  phenomena,  another  thing  to  localize  all  th« 
phenomena  in  it  aa  their  oi^n  and  seat  —  a  localization 
whicli  soon  iHH^omea  oven  more  abfturd,  when  of  all  the 
cerehrul  structure  llto  muUiiwlur  cells  alone  aiv  oduiiltod 
as  the  active  agents ! 

As  was  said  just  now,  we  recognize  in  the  Jledulla 
ObloMgnta  tite  nervous  centre  of  ItcspiratJon,  bat  we  do 
not  snppose  that  Respiration  has  its  seat  there,  nor  that 
thia  centre  is  abaolutcly  indispensable  for  the  i-.<ucntiai 
part  of  the  process.  We  respire  by  our  skin,  as  well  as 
by  our  lungs;  many  animals  respire  who  hnvc  nothing 
like  a  medulla  oblongata  ;  as  many  animals  feel,  and 
manifest  will,  who  hnvc  nothing  like  a  cerebrum.  Tlie 
destruction  of  centres  is  of  course  a  distnrbance  of  the 
mechanisms  which  tlicy  regulate.  But  even  the  oliserved 
results  of  K  destruction  rerjuire  very  close  examination, 
and  -ire  liable  to  erroneous  in(«rpnMatioiu.  The  disap- 
jiearancL'  of  a  function  following  the  destruction,  or  disease 
of  a  particular  part,  i-t  not  to  l>e  accepted  as  a  proof  that 
this  part  is  the  organ  of  the  lost  function ;  because  pr^ 
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eiaeXy  the  same  ph«tioniena  may  often  be  observed  follow- 
iog  the  destnictioD  of  a  totally  diOVrciit  part,*  But  one 
leeult  may  alwaj-s  be  relied  «ii,  and  that  is  the  pcrsiMimc* 
of  a  function  iLft«r  removal  of  n  jiaiticulai-  part.  Thus 
tlierc  is  a  certain  spot  of  ibo  cerebral  couvolutions  from 
which  moverafiuts  of  tlie  limbe  arc  excit4!d  wht-ii  Uic 
electrode  arc  upplit-d  to  it ;  rcmovul  of  the  substance  is 
immediately  followed  by  paralysis  of  tlie  limbs.  Aro 
wc  to  coucludo  that  tliin  sj^ot  is  ihv  ortptn  of  the  func- 
tion 7  It  is  true  that  tho  function  is  cal]e<i  into  actiou 
by  a  stiniului)  apj^lied  to  this  spot :  true  that  the  func- 
tion suddenly  vaui»lii^  nht^n  the  substance  of  this  spot 
ia  destroyed.  Nex'ertheleaa,  wiiat  aeetns  a  loss  of  func- 
tion is  only  a  disttirlxiUL-v.  In  two  or  three  days  the 
paralysis  begins  to  disappear,  and  at  tite  end  of  a  week 
the  limbs  are  moved  n<^arly  in  the  iionual  manner.  And 
tbe  same  is  true  when  the  spot  in  (jucition  is  destroyed 
on  both  s\i\v».  The  recovery  of  the  function  shows  that 
tJie  absent  part  was  not  its  orgaiL  There  \st  a  pnnidoxical 
cxjieriinent  wcoiiUil  by  M.  Paul  Bert  which  may  bo  cited 
here.  Ue  removed  the  right  cerebral  hemisphci'o  from  a 
chameleon,  and  found  that  the  Unibs  on  the  left  side  were 
(laralyzed;  but  on  his  then  removing  tbe  left  cerebral 
beuiisplierc  the  liiulw  of  the  left  side  recovered  their 
activity.  A  similar  result  was  obtained  by  Lussaua  and 
Leinoi^ie  by  extirpation  of  the  thalnini.  When  wo  find 
combined  movements  peiaistiny  after  the  cerebellum  haa 
been  destroyed,  we  may  be  sure  tliat  the  cerebellum  is 

"  OwajAKHiKOw  dnrrilmi  tlie  rtvultt  uf  tvinoTlng  canrullj  th«  m- 
■i*l  guifclla  of  tlip  creyBiiti ;  »nA  tlicu  rfTi^uKInvKit  oh»cvn  to  W  Men- 
ti«l  wilh  tho»e  which  r«!k>w  nrmoml  of  ihc  Inrgo  claw  of  tin  cniyDili  t 
A.  B.  HeVBH..  Jio.t  Hemniunymtnv.n-tipilnn  'fer  Hertms.  IStlP,  p.  23>. 
L*l  mvadil  Iliat  X\v  |i!irnaiDi-iiii  (tnurilii-d  bv  M,  Faitrem  rullowjng  tha 
dotmctian  of  one  tubinapliiLgr-nl  gniiglk'n  ill  the  Dythcm,  an-  to  little 
to  be  reform)  to  Ilic  inii'ci  hIuo^iiv  of  lli"  i^DgUou,  that  1  End  thvm  not 
to  wear  wb«n  III*  1l^ull>  haul  bi  removal. 


M.  And  lh»  «e  da  iat  l1iyMolBp*i.  isebid,  for 
tb*  BKMt  [Art.  dotT-  tl ;  or  imUcr.  wbik  tkqr  ainil  tlw 
otMiTfld  bet*,  tbey  refoM  to  Kbrit  tin  onlj'  aoawatept 
iaMrpntotion,  biawcJ  m  they  ue  bgr  ifae  tnwHliaMl  cod- 
tufUkm  of  Um  hmio.  After  faanag  ftr  ■H17  tmh  per- 
iri«t«iitj]'  denied  Bemibiljty  to  asy^  aotie  except  tbe  eef»- 
lirnm,  they  an  nmr  genetBOy  agreed  ia  iDclndiag  tbe 
riKtlrilk  MooffOA  vithin  tbe  privikged  region;  but  ihey 
jtlill  exelode  tbe  niedulla  sfrinalis. 

3fi.  If  all  Uw  cranial  centres  u  far  ae  tJie  niedulla 
otjkmiKatA  ara  removed  firom  yooog  rabbits,  dogs,  or  cat«, 
llierv  nre  utimiiitalcable  evidoicei  of  SeDsibilitj  in  their 
eria  wbun  Ui«ir  taiLi  urv  piocbed,  their  tncvittg  jawi  (as 
hi  maatiralioii}  wlien  bittern  are  placed  in  their  moutlis, 
and  tlwlr  railed  jtmcn  nii^ng  fkeir  noie»,  whea  irritalinij 
vapuni  nre  applied.  It  is  said  indeed  that  the  cries  are 
no  %\gp»  of  jiain;  nnd  Ll]i«  13  probable;  but  tbey  ara 
MMiiteilly  sigoii  of  Sensibility. 

8S,  Tlia  frog  tlnu  miiUlitod  bas  lost  indeed  all  ite  spe- 
iliil  ■onnim,  except  Touch,  but  it  still  breathes,  atmggle^ 
M'hi-ii  KTiwjHid,  thniAtH  nside  the  piDCCrs  which  irritate  it, 
or  wipos  owny  aeld  dropped  on  its  skin.  If  the  eye  be 
Ugblly  toiioliml,  tlic  oycliil  closes ;  if  the  touch  Ix?  PcjiciiU'*! 
throe  or  four  times,  llio  loroleg  is  mised  to  push  the  irri- 
liknl  nn-ay  ;  if  still  rrpontcd,  i\w  head  is  turned  aside ;  but 
bnwever  prolonftcd  thu  iiTitntioii.  iho  frog  neither  hops, 
I111T  crawb  iiwuy,  IIS  ho  does  when  the  cerebellum  remaiD.*). 
rUoQ  the  brainless  frof;  on  \\n  Inck,  and  if  the  medulla 
oblonipttA  remains  ho  will  nt  once  n?gain  tbe  normal  posi- 
tion I  b«t  if  that  i«rt  is  tibftent  he  n-ill  lie  helpless  on  bis 
bank.    The  ]>t>wor  of  proserx-iiig  eijuilibrium  tn  difficult 
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positions  —  whicb  of  coursu  implies  u  nice  co-ordination 
uf  muscles  —  reflides  in  the  so-caJled  optic  t-oUs  uf  lliu  frog 
(what  in  inaiuiiiab  are  <:alletl  the  corpora  qvadrijemitui). 

37.  With  ihu  <Ii»LrucLiou  of  <;ach  [larl  of  iho  central 
mass  there  will  necessarily  be  some  dislurbancti  uf  Uic 
niiechaniain ;  hut  dilTicuU  as  may  he  the  task  at  detecting 
hy  experimenl  what  is  the  norioal  action  of  any  one  part, 
liiere  ought  to  be  do  hesitation  in  reco^izin^  the  peroist- 
fuwi  of  functions  atU-r  wiitain  jiart*  are  d(»tmyed.  Tlie 
spinal  cord  is  anatainically  known  to  bo  the  cculre  from 
wliich  the  Umhcf,  trunk,  and  geuito-urinary  organs  aiu 
innervated.  So  long  as  the  meclianisiii  uf  tlic  ac^ti^nis  in- 
volving such  oi^nei  i.i  intact^  no  removal  of  other  parts 
wilt  prevent  Ilii^  muchnnisni  from  cxiiibiting  its  normal 
action.  Tliere  may  indeed  arise,  and  Uierc  has  arisen,  the 
doubt  whether  Senaihility  is  involved  in  the  action  of 
any  nerve  centre  below  the  medulla  oblongata.  Uut  this 
doubt  is  founded  on  the  traditional  hyjKithcsi^  rcsjwctin)^ 
the  seat  of  Sensation,  and  is  Hograntly  at  variance  with 
the  logical  concla'^ions  of  Anatomy  and  Experiment 

38.  Anatomy  shows  that  the  structure  of  tlie  spinal 
cord  is  in  all  easentiiil  characters  the  same  as  tliat  of  tlie 
tnedalla  oblongata;  and  indeed  that  the  wholn  central 
axis  Iws  one  continuous  tissue,  somewhat  variously  ar- 
ntnged,  and  in  relation  with  various  organs. 

Abundant  Expvninent  lias  shown  that  the  spinal  cord, 
apart  from  the  encephalon,  is  capable  of  acting  as  a  sen- 
sorial and  volitional  centra  The  striking  raot.t  advanced 
by  PHiif^r,  Auerbach.  and  myself,  have  not  been  im- 
pugned;*  but  tJieir  interpretation  has   been   generally 

HAca,  Qdmbury'i  Ztiinfliiifi.  ,IJ1lrl^•^u  IV.  p.  JSil,  LrwKi,  S^td*  Mitt- 
ing  t/  SrMah  jl^aciadvn.  l^:is,  nnd  Ptii/sialoriff  of  Ciynimm  Lift,  1800. 

TbU  ncofCDllion  uf  wiitatiuii.  mirl  vvi*ii  of  Tolitiun.  iii  aplnul  aoUoiu 
majr  be  foanil  in  tlic  nrtlin^  ofWiinT,  Umbh,  rnnciiAiXX,  Lkoal- 
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rejected.  We  showud  that  a  bnuulcss  frog  rcspond«tt  to 
Mimulation  in  actions  which  Imre  bo  close  a  reaeniblaitce 
to  Actions  admilU'il  to  bo  scnsorlkl  kihI  volitionul — showetl 
the  fVog  adafitintf  itse]l'  to  new  conditions.  an<l  aeq\tiri»<f 
dexterity  in  ox«catiiig  aetion.i  which  nC  lirsl  were  impos- 
sible or  difficult,  demsim/  combinations  to  efl'fict  a  i>urpaa« 
which  never  by  nny  possiliihty  wmlii  Iiiivc  formed  part,  of 
its  habits —  manifesting,  io  a,  word,  such  sipia  of  Sensi- 
bility, that  no  one  witnessing  the  «)(i)i;rinii.'i»t.s  could  hesi- 
tate as  to  the  intviprctalioD.  liad  he  not  been  biassed  by 
the  traditions  of  tlie  schools. 

39.  Our  oppouuntH  argued  that  in  spite  of  all  appeann- 
cea  there  wore  profound  diflen^nces  betwi.'(,'ii  Hk-  actions  of 
the  nonnal  luid  the  bniink-ss  animal,  and  that  the  latt«r  were 
doe  simply  to  Keflex  Action.  1  also  itisist  «n  prc>fi)iin<l 
tlifl'erences ;  but  undvrlyinj;  thusc  thei-o  arc  fiuidamuutal 
identities.  As  to  the  Heflc-x  Action,  two  poiritit  will  hure- 
aft«r  bu  brought  forwanl :  1°,  that  all  central  action  is 
leflex,  the  cerebral  no  less  than  the  spinal;  2',  that  the 
hypoUiesis  of  licflvx  Action  being  purvly  mtvAttnicai,  and 
(listing! I ished  fVoni  Voluntary  Action  in  not  involving  Seu- 
sibiUty.  is  an  hypothesis  which  must  be  rclin([tiished. 

40.  Postponing,  however,  all  discussion  of  these  points, 
let  me  here  say  that  the  doctrine  tnaiutaincd  in  Ihew 
pages  is  that  ttic  whole  cerebro-spinal  axis  is  a  centte  of 
Itotlexion,  its  various  scf;monM  taking  |>ftn  in  the  per- 
formance of  diffei-ent  kind^  of  combined  action.  It  bos 
one  common  property.  Sensibility ;  and  diilerent  parts  of 
it  minister  to  different  functions —  the  optic  centre  being 
dilfcrffnt  from  Ute  auditory,  the  ovnrbml  from  the  spinal ; 
and  so  on.  To  make  this  intelligible,  howe\'er.  we  must 
firat  IcAro  what  is  known  respecting  the  properties  of 
nerve-Ussue. 


■ 


LOM,  Hill  Uavo  ;  hut  the  «>tabluliro«at  oT  tho  R«B«S  Tb«aiT  Iwd  dia- 
plaonl  It.  anil  it>  revinl  ilaUi  from  Pt-Lt'isEH. 
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CHAPTER    III. 


NECRILITY. 


41.  OtiKKRVATio^t  having  found  that  the  activity  of  a 
nerve  w-as  alu-ays  foUovrvd  by  a  sensation  wbeu  the  nervs 
eadeA  in  a  centre,  and  by  a  movemt-nt  wlien  tho  nerve 
enddl  in  u  nitisck-,  TliiHiry  was  called  npon  lodisnlase  the 
nature  of  this  peculiar  property  of  nurvcs.  That  a  pecul- 
iar and  tnyst«rious  jiowcr  did  net  in  the  nerves  no  one 
doubtet) ;  the  ouly  <loiibt  wan  lut  to  iu  iiuturc.  Tlie  on- 
ciimt  ItyiKithcsis  of  Animal  .Spiriu  ftocinitd  all  that  was 
needed.  The  Bpirits  coursed  along  the  nerves,  and  obeyed 
the  mandate!)  of  the  Koui.  When  this  hypothesis  full 
into  diBCnNlil,  its  place  was  siicci'ssively  taken  by  tlie  by- 
poUi«eefl  of  Xervoua  Huid,  Klectricity,  and  Nci\ii  Korea 
Tb»  Fluid,  Uiougli  never  uiaiiifiHitiK)  U>  Sense,  wed;  finnly 
tjelieved  in,  even  so  lato  as  the  days  of  Cuvier ;  *  but 
when  the  so-called  electrical  currenttt  wvre  detected  in 
nerves,  and  the  nvn'ouiit  phenomena  were  shown  to  rcitoni- 
ble  electrical  phenomena,  there  was  a  general  aKreeineiit 
in  adopting  the  electrical  hyimtlu-Jtis.  The  bnun  tlivii 
took  the  place  of  a.  galvanic  battery ;  tlie  nenoa  wore  its 
elect  rod  >». 

42.  Closer  comparison  of  the  phenomena  detected  vad- 
oua  irreconcilable  differences,  which,  if  they  proved  notJi- 
iiig  else,  proved  that  nerve-action  look  phice  under  con- 

•  fMXDlJi%nTtHVeTmek»iljerdit  innrrsi  Siiine,  1S2S,  t.  TD  dci^latH 
it  to  be  ■  ntional  n««tity  :  "  Din  Annahmv  ciim  livrvraMuiduim  iit 
Itothvmdi^rit  der  Vrmunft, " 
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ilitiotis  80  special  as  to  demand  a  itpecial  designotioo. 
Klectricity  itself  is  so  little  uiiilvnuicxl,  tlmt  until  its 
nature  is  more  precisely  known,  we  cannot  coufidciitly 
saj  more  Uian  tliat  nerve-action  reaembles  eleotricut- 
action  ;  mcuawliile  tlie  upuciulity  of  imunil  coudiiious  len- 
ders all  deduction  illusory  nlnch  is  based  on  electrical- 
action  as  observed  under  oHur  conditions.  In  [iresence 
of  theito  (lifliculU&i,  cautious  ))bysiolo<nEts  content  them* 
selves  with  as»igiiin{!  the  observed  phenomena  1o  tlie 
obaened  and  inferred  eoiiditions,  c-ondetiain^  these  in  the 
convenioiit  »yml«il  "  nerve-force,"  without  pnjlending  to 
any  specihcation  of  tlio  uaturu  of  Ibut  force.  It  may  be 
iL  uavc  of  mcilectilar  movement  dependent  on  Uometrio 
chauge  or  on  mcUtinor])hic  change  It  may  lie  thu  libera- 
tion of  molecular  tension  resembling  electricity ;  it  may  be 
electricity  iUelf.  But  whatever  tlie  nature  of  the  olinuge, 
it  is  an  activity  of  the  tiitsue,  and  as  xucli  comes  undci 
tlie  geneml  dynamic  conception  of  Force  or  Energy. 

43.  In  this  sense  the  term  has  nothing  equivocal  or 
obscure.  It  is  a  shorthand  expression  aymboliKing  oer- 
taiu  well-defined  obscrvnlion-'^  Kevortlieless,  it  is  a  term 
which  we  shall  do  well  to  avoid  when  possible,  and  to 
replace  by  another  having  hxs  danger  of  misinterprota- 
tion ;  tlio  reason  being  that  Force  has  become  a  sort  of 
shibboleth,  and  a  wilUo'-wisp  to  speculative  minds.  AH 
that  wo  knoK  of  Force  is  Motion.  But  this  is  too  meagre 
for  tuetempiiical  thinkers,  who  disdain  tliu  fauiihar  expe- 
maew  expressed  in  tlie  tenii  Motion,  and  demand  a  tran- 
scuuleiit  cauae  "to  accouDt"  for  uhat  is  oliserved.  Tbey 
seek  an  entity  to  acoonnt  for  the  fuet.  Motion  is  a  very 
definite  conception,  expressing  precise  experiences;  we 
know  what  it  means,  and  know  that  the  laws  of  moving 
bodies  aiiniit  of  the  nic(?st  culculntion.  A  similar  pre- 
cision 1>elongs  to  Force  when  understood  as  "  mass  ac- 
celeration.'' or  M  V^.     Itnt  this  does  not  content  those 
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ms  who  understand  by  Force  "  the  uuknown 
i«ftlily  behind  tiie  phenoniona" — -the  tauae  of  Motion. 
Tilts  causv  Uioy  rufuse  to  rcL-o^izc  iti  HOinu  nnti^cudent 
inotiou  (wliat  I  have  t«rriieil  a  "differential  pre*»iire"), 
but  deiuunU  for  it  a  physical  or  inetnpliysicnl  aymt :  tha 
physical  agent  beitig  a  subtle  ttuid  of  the  nature  of  Ether, 
or  a  nerve  atmosptiere  .turronndiiig  tliu  inulucultr.t ;  the 
tnetaphj-Bioal  agent  being  a  Spirit  or  aggregate  of  Soul- 
aloma.  T}i«  second  alternative  we  may  decline  here  to 
discuss.  Tbo  first  alteruuttvc  'us  nut  only  a  pure  tiction, 
Imt  one  which  is  Inconsistent  with  the  demonstralile 
A'elodty  uf  the  nuuml  process,  which  is  not  greater  than 
tlie  pace  of  a  greyhound,  whereas  the  velocities  of  light 
and  eWtricity  are  enormously  bi^ond  this.  It  is  iuoon- 
stst«nt  also  with  the  observation  that  a  much  feebler  cur- 
rent of  electricity  !.■*  requisite  for  the  stimulation  of  a 
muscle  thixju^h  its  nerve  than  when  directly  nppliijd  to 
the  muscW :  a  proof  thut  the  nenc  docs  not  act  solely 
by  transmiasioD  of  electricity —  unless  we  gratuitoii»ly  as* 
sanie  that  the  nerve  is  a  iniillipilicatur. 

When  it  is  said  that  the  living  nerve  is  incessantly  Ub- 
orating  Force  which  can  W  communicated  to  other  tiasues, 
the  etatement  i-i  acceptable  only  if  we  reject  the  mi;tu- 
physical  conceptions  it  will  too  generally  suggest  —  the 
conceptions  of  P'orce  as  an  entity,  and  of  it«  being  passed 
ftom  one  object  to  auolher  likit  an  arrow  shot  fmm  a  bow. 
The  physical  interpretation  simply  says  llmt  the  mole- 
enles  of  the  nerve  are  incessantly  vibrating,  and  with 
Mirying  sweep;  these  vibrations,  when  of  a  cerlain  en- 
ergy, will  set  going  vibrationa  in  another  substance  by 
distUTi>ing  the  ttmsion  of  its  molecules,  as  the  vibrations 
of  heat  will  disturb  the  tension  of  tho  gun]>ovvdcr  mole- 
cules, and  set  them  sweeping  with  greater  energy :  this  is 
tbe  tommunuialwn  of  the  force  Just  as  we  say  that  a 
magnet  communicates  magnetic  force  to  a  bit  of  iron. 
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tliougli  all  wti  mean  is  timt  Uia  nuignvt  liiu  so  altered  the 
molvciibr  condition  of  the  iron  as  to  Itave  given  it  Cb« 
moveun!iit.s  i:ulled  iiiagu(<Lian)  —  in  short,  1iii«  excited  tii 
the  iruu  die  dorinaut  |iioj>LTty  of  liccuiiiio;^  magnetic  — 
■o  wd  say  the  n«rve  comniuuicatea  ila  t'ni-ce  to  thu  muscle, 
exoltioj^  in  Uio  niusclu  its  tlorniaiit  i>ru|>i.'rLy  of  contrac- 
tion. Itut  in  truth  nothing  has  passed  from  mngneC  to 
iron,  or  from  nerve  to  muscle. 

44  Do  what  we  will,  however,  there  is  always,  in  tlie 
present  condition  of  plitlosophical  chaos,  tlie  danger  of 
keinj;  misu«d«r3towI  when  we  employ  the  tenu  Nerve- 
force;  and  I  have  prupusc-d  the  term  Neurility  as  an 
tscape  from  the  uiisteadiii^  sn^jgestions.  It  ia  a  symbol 
oxpressing  tlie  general  [ii-oporty  of  nerve-tissue.  For  rea- 
sons presently  to  be  slated.  I  restrict  Xeurility  to  the 
peripheral  system,  employing  Sensibility  for  the  central 
system.  The  excitt'il  niiisclu  manifesto  its  spe<.-ial  prop- 
erty of  Contractility  J  ttie  exdted  nerve  manifests  ita 
special  property  of  Neurility;  Uio  excited  centre  mani- 
fests its  special  property  of  Sensibility.*     The  terms  ai© 

•  Thf«e  tcrmi  nnd  the  coni'pption  Ihcy  embody  vmr  propOMd  by  me 
in  1SG9  in  »  lu]*r  "  On  111*  mviwily  of  s  trfonn  in  N'orro-fihyilolosr," 
nail  at  the  Almrdmi  (uivlJiifc  <it  tilt  BKliiti  Auociation,  and  WtM  npro- 
ducwl  in  th«  Pkyxialegy  of  Comtaon  Life.  (Prof.  OwKN,  probably  in 
for^tralncn  of  nif  iDggtiUan,  proponril  "  npurii/ily,"  LrHara  on  UU 
Comp.  Aiud.  of  l^irUbraUt,  1886,  I.  p.  318.  t  TIip  tomn  worn  rortiintU 
(nuu^h  lo  mevt  with  unaptaBcs  from  ■omi!  pbyiiologisti  both  in  EnglMid 
itnd  Pnuice ;  and  ihi!  ooni^epUoii  biu  been  mor*  tridvly  uo»pl«d  tlwn 
tbc  iFrmi.  The  most  iliitingulAlind  ii|)pTovnr  wm  Prof.  Vdlpuh. 
"  Kauto  d'unp  uH-illeviiv  d^tcrmitiiition  on  pcul.  tvtx  M.  Lawca,  donnor 
h  In  pmj'riijt^  |>b)'>ii<iU>;{iqii'-  ttrs  tihm  n<jtVFUn-i  ]r  nom  ilc  muTillUi 
cV»t  111  i:ii  i)iil  c<iiTi'ii;H)iiilnt  »  1*  runlnii^tililu  <1rn  li1)iira  muMulsim." 
tt^onM  lur  /<■  fh'jttMiJjit  da  Mj/Mmc  ncrveia,  IHCd,  [i.  221).  II4  liha 
adopted  my  luggi'slioti  (rince  niodifiedj  of  Scnubilitr  u  Ibc  pn^rtjr «( 
gUgUoaii:  wlU.  Coinimri)  iJm  OaVaRBitt,  Phinumint*  jihyti^a  de  la 
Fie,  list),  pp.  am  ftnd  iSi.  Tavlk,  Notim*  nir  la  luitun  di  la  malilrt 
orgamitie,  ISSS,  p.  1SI.  CnAKLU  BouH,  Awiiami*  d  phyrioUigit  ai- 
lulmira.  1S73,  p.  ISS. 

Sy  tlioH  chnnnclj,  and  by  the  Oermui,  lull»n,  Ruufin,  Poliult,  «iJ 
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umply  dc«cri))livc,  uiiil  l-uitv  willi  tbctn  no  liypotbcsis  as 
to  ujkat  Neutility  U  in  its  Uiddcii  piioceaa,  nor  Jiow  Sensi- 
bility arises  in  n  nvrvu-ct-ntre,  and  not  elsewliore.  Wo 
know  that  a  stiniulatcd  niuBcIe  contrncu.  and  vre  exprc^ 
tlie  fact  hy  assigning'  to  niusculnr  tissuv  the  property  of 
Contractility.  W'k  know  that  a  stimulated  nene  trann- 
biteaan  impubi<>  from  one  point  to  amitlior,  nml  excites 
tjie  muiiclu  to  contract ;  iind  we  express  the  fact  by  aa- 
s^ing  to  nen'c-tissue  the  property  of  traiisniitliug  stim- 
ulatiuti,  which  u  furtlivr  simciHcd,  us  unlike  other  traos- 
inissioits,  by  tlie  t«rm  Neiirility. 

45.  What  is  the  iiieaiiiii^  attached  to  llie  tonn  I'rop- 
erty,  and  Ijow  it  is  distin^^iished  from  Function,  has  been 
already  ftxpouridfd  in  I'n>bl«;iii  I,  §§81-6.  Tlieiv  al$o 
was  laid  down  the  principlo  of  identU}/  of  structure  impli/' 
iag  idenlitif  of  jirfifk-rtif.  Inasmucli  as  oUservation  reveals 
a  fundamental  similarity  in  the  structiiixi  of  the  nervous 
tissue  tlirougliout  the  animal  ktnj'doiu,  we  must  conclude 
tlie  existence  of  a  fundamental  similarity  in  iJie  piwpertj' 
of  that  tissue:  a  conclusion  coDlinncd  by  observAtJou. 
There  ia  a  coiresimndin;'  agreement  in  tlic  organs  and 
functions )  so  tliut.  within  ceriitin  limits,  the  exiterimcnts 
performed  on  an  insect  may  be  verified  on  a  mammal. 
Everywhere  nerx'e-lis»«e  lias  c«Ttatn  chaiucters  in  com- 
mon, accompanied  1^-  variations  in  the  degree  and  mode 
of  mnnifeatation  corresponding  with  variations  in  fttnic- 
ture  and  connection.  Obvious  as  tlic  fact  is,  we  must 
emphasize  tlie  great  variety  which  accompaniea  the  un- 
derlyiug  uniformity,  for  this  i$  recognizable  both  in  tlie 
iudividual  oi;ganiam  and  in  the  animal  kingdom  at  large. 

HnagKrUa  tniuditjonii  of  my  work,  [lie  suggritiom  nm  curried  orrr 
Knrape,  rrrpt  into  ■cii^iilin':  jouniiiK  ami  Wi'aiiie  knunn  (u  wHIrn  who 
MTCT  hcanl  nf  mo.  1  only  iiiritlion  tlinu  rnolik  iMt  tha  n-idrr  Oinulil 
uippMe  that  mf  t-icwi  iiail  btPii  DUtici|iiUeil  l^y  Mrtain  continental 
wriun. 
VffU  IIL  fi  K 
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Even  such  floemiugly  individual  terms  83  n«n'e-«ell  uud 
nerve-fibre  are  in  tnitli  generic;  and  the  description  vhich 
accurait'ly  reprcscnla  one  cell  or  fibre  needs  modifying  for 
otitera. 

rropcrlies  are  generalized  expressions;  llify  rt-sult  from 
the  compoiilion,  tlio  strarture,  »nd  the  tcxhirt  of  a  snb- 
etanco.  Tims  one  bar  of  iron  may  differ  from  ft&otber  of 
eqiutl  bulk  in  boing  nioro  or  less  ciyatalUne  in  structure, 
though  having  the  same  composition  and  ibe  same  tex- 
ture. This  diffi-rence  will  modify  the  mode  of  inanifes- 
ttttiou  of  the  iron-properties.  Cast-iron  pillars,  for  ex- 
ample, will  supjmrt,  as  a  roof,  a  weight  which  would 
break  them  if  suspended ;  wrought-iron  pillars  of  similar 
bulk  will  l>ear  a  weight  suspended  whieh  \rould  crush 
them  aa  a  roof.  Yet  both  cast  and  wrought  iron  pillars 
have  llie  same  properties,  liecanae  thoy  have  the  tamr 
composition  and  similar  structure ;  Uie  \-arifltiou  of  struc- 
ture only  producing  a  difference  in  the  modes.  Texture 
may  also  vary.  Tlio  bar  of  iron  may  be  beaten  into  a 
plate,  rolled  into  a  cylinder,  or  split  into  wire-work,  with- 
out any  change  in  it«  properties,  but  with  marked  dif- 
ferences in  its  modes  of  manifeatation,  and  in  the  ux» 
to  which  it  may  be  applied.  TIkwc  iises  are  of  course 
dependent  on  the  connections  established  between  tLc 
iron  and  other  things.  In  I'liysiology,  iitcs  arc  called 
/unclions. 

46.  Nerve-tissue  must  be  understood  as  having  every- 
where the  same  general  Froperty.  In  one  animal  and  in 
nnother,  in  one  part  and  in  another,  Xeurility  is  the  same 
in  kind,  but  not  everywhere  manifesting  the  same  d^rae, 
nor  applied  to  the  same  Function.  Tlie  roti^wsiVwr  of 
nerve-tissue  varies,  but  not  more  than  the  composition  of 
all  other  organised  substances ;  the  MnictiiTc  is  variable, 
but  only  within  a  small  range ;  the  Ustturt  also ;  while  the 
amncctions  are  very  various.     Hence,  whatever  the  raria- 


Tlti:  NERVOUS  JIECIIANISU. 


195 


k 
% 


tion3  in  conip<»ttioii  or  structure,  tlte  ii<^rv<>-flbra  lifts  eveiy- 
wbere  ouc  fundamcntfil  property,  wliicti  iti  cotmocl  ion  with 
a  mnsde  haa  the  functional  activity  of  exciting  contrac- 
tion ;  in  C0[iD«cIJou  with  a  gland  of  exciting  secretion ; 
and  in  connection  with  a  centre  of  exciting  reflexion.* 

47.  Had  a  clear  idea  of  Function  as  diJiteiident  on  con- 
nexion been  present  to  thcJr  miti<)s  certain  phyaiologUts 
would  hardly  have  raised  the  inirags  of  "'  Nerve-force,"  a 
inystprioua  entity  endowed  with  "  specific  oiiergies,"  and 
capalile  of  producing  vital  and  pychical  phenomena  by 
au  occult  process ;  nor  would  others  hn\e  been  led  to  the 
monstrous  hypotbesLt  of  particular  nene-cells  being  en- 
dowed with  ihmitjht,  instinct,  tind  volition.  Tliey  wouhl 
bave  sought  an  explanation  of  functions  in  the  combined 
properties  of  the  co-opcrant  organs  and  ti.<t\n'».  Tliey 
would  Hot  have  endowed  one  nerve  with  Sensibility,  and 
anoUier  ncne  of  identical  structure  with  Motility  -.f  one 
nerve  with  n  motor  property,  and  another  with  tho  oppo- 
site property  of  inhibition,  lliey  would  have  svcn  that 
ill!  nerves  have  the  same  property,  but  different  ilscs  when 
in  different  connexions. 

48.  Tliixjughout  the  animal  kingdom  we  see  movement 
following  on  stimulation.  Stimulation  may  be  defined 
the  change  of  molecular  equilibrium.  The  stimulation 
of  a  iDusclo  \»  produced  indirectly  through  a  change  in 

*  "  La  bm  trrmnuo  nVxistc  pu  commc  puiHiiic'?  iiiil'iwiKlitnt  iIm 
tmpUUa  de  iImu.  Ktin  coiihixtii  i-ii  I'ai-l.ivti  il<'<  |>nrT»'k  cii-lii**,  siir  )pa 
pitM>  Fidtnbla.  IVul  Ac  \'ej.t\\MXan  ilu  |iiTmi.>rr9  sp»hiinC  commB 
itnpnoiun  ou  nlimululiun  tiir  l«  kvodiIm,"  —  Lasuiiv,  TrfiOi  dr*  Pi- 
nijfiitt,  lg.1»,  I.  143. 

t  "  1.0  nitcmc  iKTveiiK  nt  loul  k  U  foi*  I'oHgino  Act  tcmtion*  ct 
roriginB  Aet  inaurcmpntii.  Hnia  est-ev  pnr  one  proprit'W  unirjiip,  on 
f»t  <l«iix  |noprirti^  divrnr*  'ju'JI  (l/lmtiini^  lU'iiX  jilivliDiiii'im  huimI  Aiu 
UncU  ?"  FuiIiKCitfi,  fUrlierr/u>  "t  If*  frri^ifiiUi  it  lafoneHana  iu  Syt- 
ttmt  ytrteiLZ,  182*.  p.  I.  He  coiic1uiJi>i  that  "U  puiiuncv  nerrciun 
n'cBt  pu  iiniqae  ;  Q  n'y  ■  pu  unn  kuIc  propriete,  it  y  «n  a  d«ux,"  p.  SI. 
la  tbia  lie  bat  b««n  gpncnlty  followed. 
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llie  nerve,  or  directly  tlirougli  a  cliange  in  tlw  muscle 
iuwlf.  In  the  siiiijilest  orji^uisiiis  Ihciv  is  no  tmuc  of 
nerve-tissue;  but  their  substance  manifests  Irritability 
(or  as  it  h  often  onlletl  Sensibility) ;  Rud  a  Rtinitihia  to 
one  part  is  prop;ij;atwI  tliroufjliout  —  tlic  w!iol«  body 
uiovea  wlieu  touched.  Even  in  I'olypes,  where  there  is 
the  l<c;;iDuin^  of  u  difTcrttntiatiou,  the  inulion  i^  slowly 
propagated  from  oue  part  to  the  rest.  A  single  tentacle 
retract*  when  touched ;  but  tlie  moveiuent  rarely  ends 
there;  it  is  slowly  coiniuiiiticated  froni  one  t^>ntaclo  to 
tlie  other,  aikI  from  them  to  the  whole  mass.  Touching 
the  body,  however,  will  not,  if  tlie  toueb  be  slijjht,  aiuse 
Hie  tentjtoltis  to  move;  ho  that  we  see  here  a  beginning 
of  that  principle  of  specialisition  which  is  so  manifest  is 
the  hisjhvr  organianie:  the  tentacles  have  liecomc  the 
flpecially  sensitive  parts.  Ascending  higher  in  the  Bcaie 
(if  nr}j:aniam8  wc  find  those  which  Imhitiially  move  pnr- 
ticular  parts  without  at  the  .same  time  necessarily  inovii^ 
the  rest;  ami  this  independence  of  parls,  uccompsnyiog 
H  more  perfect  consensus,  we  find  to  be  developed  pari 
fiuuM  with  a  iR-rvoiis  sj-stein.  An  immense  variety  of 
parl-niovemetiis.  with  varying  combinations  of  such  move- 
ments, is  the  plij-siological  CNprcs^ion  of  tlio  more  oom- 
))lex  nervous  system. 

48  a.  Deferring  what  has  to  be  said  of  Sensibility  tSl 
the  next  cliapter,  we  nitty  here  touch  on  its  rvkliun  to 
Irritability,  which  is  often  naed  as  its  synonym.  Objec- 
tietlj}  it  cannot  be  distingiiisbed  from  Irrituhility,  nor 
indeed  from  the  most  general  phenomenon  of  reactjon 
under  stimulation ;  in  this  it  w  an  universal  property. 
But  suhjeclivdy  it  is  distinguish  able  as  a  pecniiar  mode 
of  reaction,  only  known  in  nerve-tissues.  While  all  ti»- 
sues  are  irntablo,  and  react  on  being  stimulatf'.d.  each  tia- 
«iie  has  ita  special  mode  of  reaction.  The  secreting-cell 
reacts  diD'erently  from  tlie  muscle-cell.    The  rmclion  of 
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th«  nerve  is  the  innervation  or  a  centre  or  a  muscle ; 
Ihv  rcnctiou  uf  an  inrivrvatcd  ovntrc  is  seiisatioii ;  of  s 
muscle,  contiwition,  Tliere  are  three  aspects  of  neural 
reaction  :  excitation,  propagation  of  the  diatiirbnnce,  and 
inuervatioit.  The  first  ia  (.'xprcsscd  by  iiritubility,  the 
seomd  by  conductibility,  the  third  by  Reni»ibility ;  but 
tbe«e  aro  only  artificial  distinctious  iu  the  general  phe- 
uomenon  of  transmitted  excitation.  The  nerve  substance 
is  specially  di»riiigiii.<4hed  I>y  its  iD»tubility  of  molecular 
equilibrium :  it  imder^oea  chemical  chaone  witli  a  roodi- 
tiess  comparable  to  that  of  explosive  iinbRtanccs.  Hence 
its  facility  of  proi«i^lion  of  disturbance.  There  is  irri- 
tability and  propagation  of  di^tnrbaitce  in  muscular  tis- 
ane, notably  evident  in  th«  continuous  tissue  of  ttiu  heart, 
inteiitJnes,  and  ureter;  but  the  propagation  is  alow  and 
difTosivc ;  whereas  in  the  nerve  it  is  rapid,  and  restricted 
alot^  a  definite  path.  By  this  rapidity  and  restriction 
the  force  of  the  inipiiet  is  increased;  and  thus  a  slight 
stimulus  applied  to  the  uervu  is  capable  of  disturbing  the 
state  of  the  muscle. 

49.  Thus  while  molecular  movement  is  a  fundamental 
ixmdition  of  Vitality,  and  is  incessant  throughout  organ- 
tied  substance,  the  massive  roovements  of  the  orj;anism, 
and  the  movements  of  particular  parts,  are  the  dirtcUH 
quaniilics  of  this  molecular  agitation.  They  are  due  to 
stimulation.  Wo  distinguish  this  from  iiK-ctianioal  im> 
pulsion.  It  ia  a  vital  process  involvinji  molecular  elmngc ; 
it  is  not  simply  the  wmmnnicaiivn  of  motion  from  witli- 
ont,  but  the  exeitaiiott  of  motion  M'ithin.  Il  is  not  like 
the  blow  which  merely  displaces  an  object,  bnt  like  the 
blow  which  disturbs  its  molecular  equilibrium.  The  ef- 
fect, therefore,  dejiends  on  this  molecular  condition :  the 
blow  which  scatters  a  heap  of  gunpowder  will  explode  a 
fulminating  salt,  ami  this,  in  exploding,  will  excite  the 
gunpowder  to  explode.     The  stimulus  whicli  is  too  feeble 
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to  cxciU;  coiilmcUon  in  a  miiade  will  be  powerful  cnougli 
to  excite  tiic  nyuiUity  of  a  nerve,  ami  that  will  excite  the 
conlructilily  iif  tlie  luiisele,  Tiie  iiei-vii-f«ri«  is  ^iiiply 
neural  stimulus.  It  uct«  upon  tlit;  otlicr  tissues  as  the 
uiln>j.'eu»iis  suit  upon  the  gunpovriler. 

AUliou^h  it  i^  uow  oomuiou  tu  s|N.-ak  uf  nvrves  as  trous- 
ujilting  wavvs  of  molecular  motioD,  and  to  re^'anl  uerves 
us  the  passive  iDctllum  for  the  "Uviiiiifui'i.-iicv  uf  furoc," 
whereby  the  force  is  tlius  made  an  abstract  entity,  we 
must  ttlu-nys  ntuiciubcr  that  sucb  plirase^  arc  nietapliors, 
ftod  that  the  tiuer  expression  will  be  not  "transference  of 
force,"  but  Uiu  "  [jro{uigntioii  of  excitatiou."  I  mean  that 
it  is  not  the  force  of  tJie  iin[iuct  uor  il«  mcTyi/  wlitch  s 
oervc  traiiiiiiiiu,  it  is  the  vibratory  clianjje  produced  in  tlie 
nerve  by  the  imiKwt,  whiuh  cxcttus  uriotht-r  change  in  th« 
organ  to  which  the  nerve  goes.  We  know  by  accurate 
nieaBurt?nienLs  that  the  excitation  of  u  mrvc  lii-its  much 
lougur  than  Lite  *tmv:liu,  a.  momentary  iui[>act  produciitj; 
an  enduring  notation.  We  know  also  that  tho  excitation 
of  a  centro  lattts  longer  than  K\w.  niu.^cular  contraction  it 
lias  initialed.  Wc  know,  moreover,  that  a  nerve  may  bo 
totally  incapable  of  conducting  an  external  stimulus,  yet 
()uit4;  cajinblc  of  conducting;  a  central  slimulus;  were  it 
a  passive  conductor  like  a.  wire  this  would  not  l>e  so." 

CO.  The  nerve  in  essentially  on  exciter  of  change  waA 
tJiereby  a  regulator,  A  muscle  in  action  does  not  appre- 
ciably determine  action  in  any  otb^r  (except  in  the  com- 
panitivcly  rare  ciiscs  of  unustomosin;;  nuiscles) ;  a  secret- 
ing  cell  does  not  pi-opagate  its  excitation  to  otlieni.  The 
oervc,  on  the  coutiury,  not  only  prupu^itcs  it^t  rxcitatton, 

•  "  I  IiavB  niicd  uid  dtttdiDil  lli«  thick  Mbitnl  Htm  cf  botw*  on 
Uu  liuidiv  or  B  tc>l[el,  like  k  Hlriitj;  »u  lliv  W\djff>  if  k  violiii,  ditliuut 
cxciliiig  iKc  \t»ix  wuMtiOK ;  but  u  >¥Mja  a>  mix'hiiiU'itl  or  clicinicfil  Irri- 
Ulion  lind  givuu  rue  \a  iiiflummition  uf  the  drvp  n  jtcnlk  toucli  cbiumI 
rlolent  jMtn."  —  Humbum,  AVriviw  JMMiim)  (tninalnUil  Tor  tb«  SjrilFu* 
hiu  Society).  I.  10. 
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and  awakens  Uie  activity  of  the  muscle  or  gland  with 
which  it  is  connected,  bat  tlirough  tlie  centre  afltuitA  Uic 
wltulc  orgunism  — 

"  Kin  ^)ilii|;  taiBKDil  T«rUiiduiig>Tn  *clil%t." 

Thus  it  is  tliat  stimulation  which  in  the  simpler  organ- 
isius  was  dilTused  tUroughoul  the  proU)pla»iu,  lias  in  the 
complex  organisma  become  the  specialized  property  of  a 
particular  tiasiie- 

61.  Two  genvml  facU  of  supreme  importance  must 
now  be  stated :  Une  ia  the  law  of  stimulation  —  ner;/ 
excHaiion  pwrtua  the  palJi  of  Imsl  rwtslana.  The  seuond 
is  tlie.  condition  of  stimulation  —  uiUike  mechanical  t'm- 
ptdirion,  it  acts  oiUif  at  inwusihU  dlslancf-t. 

^'1.  This  means  that  although  a  nerve  may  be  exciteil 
by  any  stimulus  external  to  it  which  cliauges  its  raolecu- 
Inr  condition,  no  prup:i^ntionurthalchanj;o  (i.e.  no  stimu- 
lation through  tliu  uervv)  is  jjossiblc  except  lliruii^h  con- 
tinuity of  subetance.  Mere  physical  contat^  miflices  to 
excite  the  uvrvtt ;  but  if  there  be  an  interruption  of  cun- 
tiiiuily  in  llie  nerve  itself,  no  stiniuhis-wave  passes  across 
that  line.  Cat  a  nen'e.  and  hrin{{  the  divided  surfAccJt 
ont«  more  into  close  contact,  there  will  still  be  such  a 
solution  of  continuity  a»  to  anvst  tliL*  stimulus-wave, 
mere  physical  contact  not  sufticinj^  for  the  pmpa^tinn. 
Whenas  across  the  cut  cnd5  of  a  divided  nerve,  even 
visibly  separated,  the  electric  current  easily  passea  This 
D«oessity  for  the  vital  continuity  of  tissue  in  the  propaga- 
tion of  stimulation  must  always  be  homo  in  mind.  The 
prcsenoo  of  a  memhrane,  however  delicate,  or  of  any  tissue 
Jutvin^  a  different  molecular  constitution,  suffices  to  arrest 
or  divert  the  wave.  I  conceive,  therefore,  that  it  is  abso- 
lutely indisiMMtsable  tliat  n  nervo  should  tcnniuate  in  uiul 
Maid  with  a  muscie  or  a  centre,  othernise  no  etimulation 
of  mnsclc  or  cvntre  will  take  place  liirou<;h  tlie  nerve- 
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53.  Tilt  difiercuce  between  exdtation  from  contact  aad 
fitimulatiou  froDi  uontiiiuity  may  be  thus  illustrated.  ]u 
Fig.  13  wo  see  tlic  legs  of  a  frog  attached  to  tbe  spine  \>y 


the  lumbar  nen'es  (f),  and  lyiog  ou  the  muBcI&i  (m)  of 
one  ley  is  lliu  nerve  (c)  of  nuother  frog's  lejj.  Applying 
the  electrodes  to  (/),  the  muscles  (m)  are  violently  con- 
tmclcd;  not  only  sn.  but  their  contraction  excites  tlw 
other  nerve  (c).  and  the  leg  attached  to  this  ncn'o  is 
thereby  tiirown  into  contraction.  I'liis  "secondary  con- 
tiuclion,"  OS  Dubois  Itcyinond  calls  il,  inight  be  «upi<osed 
to  be  due  to  a  ditluaioii  of  the  electrical  current ;  bat  thut 
it  is  due  to  a  change  in  the  museles  (m)  '\»  proved  by  deli- 
cate experiments  ahowinfi  that  the  movemonia  in  the 
detoclied  lug  ni^e  of  precisely  tbe  same  kind  as  those  in 
the  legs  directly  stimulated.  If  there  is  only  a  muscular 
ohock  in  the  one  ca.se,  there  is  only  a  mnscutnr  shock  in 
tbe  other;  if  there  is  tetania  in  th«  one,  there  is  IvUtnuM 
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iu  Uic  ot)i«r :  if  the  muscles  of  the  6r3t  kg  are  fatigued 
and  respomi  slowly  an<i  feebly,  the  response  of  the  seoumi 
ia  slow  and  fcobk*.  Moreover,  the  secondary'  contraction 
may  be  produced  by  chemical  or  meclianlcal  stiniuluii,  as 
well  as  by  llic  clectrictd. 

54.  Although  the  contraction  of  a  msscle  ia  thii3  seen 
to  be  capable  of  cxcitlu^  »  nerve  in  contact  witli  it,  the 
reverse  ia  not  tnie:  we  caa  produce  no  contraction  in 
a  muscle  by  vxcitJng  a  nerve  simply  in  cont.-ict  with 
tlie  muscle,  end  not  penetrating  its  tissue  and  t^>nui- 
nating  there.  Acconiioyly  we  always  find  a  nerve  when 
aljout  to  enter  a  muscle  or  u  centre  losing  it3  prvtfdiTig 
envelopes ;  it  grutluaUy  becomes  identified  as  a  proto- 
plasmic thread  with  Utc  protoplasm  of  the  muHele  or  the 
centre. 

55.  Xourility.  then,  is  the  propagation  of  molecular 
«hno^.  Two  offices  are  subserved  by  the  nervous  sys- 
tem, which  may  respectively  be  called  Kxcilation  — the 
disturbance  of  molecukr  tension  in  tissues,  and  conse- 
quent ItlK'nition  of  their  tuergies ;  and  Co-ordinntion  — 
the  direction  of  tliese  several  energies  into  combined 
actions.  Thus,  when  the  muscle  is  iti  a  given  state  of 
molecalar  tension,  the  stimulation  of  its  nerve  will  chan^ 
tint  state,  causing  it  to  contract  if  it  be  in  repose.  But 
this  stimulation,  wliich  will  ttius  oanse  a  contraction,  uill 
be  arrested,  if  at  the  same  time  a  more  powerful  stimula- 
tion reachca  the  antagonist  muscle,  or  some  distant  cen- 
tre: then  the  muscle  only  temU  to  contract. 

ORIQIK   OP  SERVE-FORCE. 

56.  After  this  brief  account  of  Neurilify  we  may  pasi 
to  the  oonsideralion  of  its  origin.  Are  we  to  undenitand 
thai  this  propert)'  belongs  to  the  ner\'es  themselves  iu  the 
sense  in  which  Contractility  belongs  to  tlie  muscles?  or 
are  we  to  accept  the  teaching  which  assigns  the  origin  of 
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"  nerve-forra  "  to  lliff  ganglia,  and  rpganls  tlia  nen"es  siin- 
])Iy  OS  ijassive  conductors  of  a  foree  developed  in  the 

cvll«r 

57.  It  )s  now  many  years  since  I  ventured  to  criticise 
tlie  reigning  doctrine,  and  to  urge  the  necessity  of  consitt- 
ently  cnriyiiij,'  out  llic  distinction  between  IViperty  and 
Function.  I  calleil  attention  to  tliir  positive  evidence 
wliicli  contnidicl^d  Uie  idea  of  passive  conduction ;  and 
]Winted  out  the  illiiaory  nature  of  the  favorite  analogy,  in 
which  gau'^Iiu  were  likened  to  bnttfrics,  iitid  nerves  to 
the  conducting  wires.  But  the  old  image  still  exerLi  its 
empire ;  end  wTiters  are  still  found  ftpcakiiij;  of  the  bmin 
as  a  tcl*gT»pbic  bureau,  tlic  ^nglia  as  stations,  and  the 
nerves  as  wires.  lo  tbe  cells  of  the  gray  substance  they 
place  II  constantly  renewing  reservoir  of  norvo- force. 
There  the  force  is  elaborated,  stored  up,  an<I  from  thence 
directeil  along  (lie  nerves.  The  sensory  nerve  "  transmits 
an  inipresaion  to  the  brain"  —  as  tbe  wire  transmits  n 
message  to  the  bureau.  The  motor  nerve,  in  turn, 
"transmits  thfi  niftndates  of  the  will" — and  ail  is  clear! 
Clear,  until  we  come  to  translate  nietupbors  into  visible 
fketa,  or  try  to  conjure  up  some  mental  image  of  the 
pmcesa  For  myself,  T  can  only  conceive  nerve-force  as 
the  activity  of  the  nerve,  and  not  of  stimctliing  else.  Tliia 
beoonift'*  still  more  evident  when  I  find  that  the  activity 
is  etjunlly  tnnnifcst  after  its  imaginary  souree  has  been 
removed.  Transmitting  impressions,  or  messages,  implies 
as  a  preliminary  that  tliL're  should  be  nn  inipre^ible 
agent,  or  a  meamift-smder,  at  the  periphery.  Xo  one  sup- 
poses that  simply  touching  one  end  of  a  win;  would  send 
an  "impression"  or  a  "message"  to  the  battery;  or  that 
witJlonl  the  buttery  this  touch  would  evolve  a  current. 
The  battery  is  indis[>ensable;  in  it  is  evolved  the  current 
which  the  wire  tmnamits.  Not  bo  the  ganglion,  or  brain. 
Remove  the  wire  from  its  connection  with  the  batteiy. 
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it  is  tt  bit  of  wire,  notbing  more.  But  remove  a 
Br%'o  from  its  coniit'rtion  with  a;^ti^'lioi],  tuid  it  is  still 
ive  aa  iiene,  still  (liAjilitvi*  it^  Neiirililv  wlioii  excited, 
still  luovet  IIm]  muscle  as  Iwfore.  Tlip  iitniiutat«(l  limb 
will  move  when  its  ntTves  ara  atiiiiulat«{l,  jiiM  as  wben 
tt  rctlcx  frum  its  cciitra  tnuved  it.  Kvt^ry  one  ka^v  tlie 
fact;  a  waa  staring  tbem  in  the  face, yet  they  disn^gtinled 
it  £vcn  the  old  imntoini^t,  Willis,  bad  rooonled  cxperi- 
inents  which  ought  to  liave  opened  their  eye».  Hu  tied 
the  plirenie  nerve,  and  found  that,  when  he  iiriuilcd  it 
1)g]ow  the  ligature,  the  diaphragm  moved ;  I>ut  when  he 
initated  it  alx)ve  the  ligattire,  no  inovoinent  folh^wcd. 
Since  his  days,  thoiwunds  of  experimenta  have  sliown  tliat 
the  presence  of  a  gauglion  Ls  not  neee.i!inry  to  the  action 
of  a  ncn't',* 

58.  Of  oourse  an  explanation  was  ready.  The  ncmj 
vtt$  sniii  to  have  Iwen  "endowed  with  force"  from  its 
ganglion  during  their  vital  connection;  and  this  force, 
stored  up  in  liie  nerve,  wa.'*  disposable  for  soino  time  after 
se[jaration  from  the  ganglioii.  We  need  not  pau-so  Ut 
entioise  this  misty  conception  of  oiio  inirt  ■*  endowing" 
another  with  force ;  tlie  plain  facia  afford  the  best  answer. 
There  seemed,  indeed,  a  conhrmatioti  of  the  hypothesis  in 
the  fact  that  although  the  nerve  separated  from  its  gan- 
gUoo  was  capable  of  excitation,  yet  after  a  few  excitations 
it  was  exhausted,  and  ceased  to  stimtdate  the  muscle.  It 
seemed  like  tlie  piece  of  magnetixcd  iron  which  would  act 
as  a  teniporan-  magnet,  tliougb  qnickly  losing  tins  bor- 
rowed |>oWLT.  B«t  the  whole  fabric  fell  —  or  ought  to 
have  fallen  —  when  extended  ohser\'ation  discovered  that 


*  Th*  rxpfrimi-nta  of  TlAi.i.Mt.  Sur  la  wtlun  trmtillt  ft  wrrUaU*  du 
jMirtM*,  I.  246;  ■nd  the  rnnarku  of  Pbociuiika,  fJe  FiiiinimibuM  Sgalt- 
malii  .Vrrmn*  {Iran  tin  I  nl  by  Lavcock  in  the  tdIuiihi  |jubtuihri)  hy  the 
Sftkmjkam  SortHy,  p.  SIM),   on|t>it   |.>  hnv*  tulliccd.     Sm  furtbtr  en, 
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this  exhausteil  nerve  vfould,  if  left  in  repose,  rtforcr  its 
lost  pfiwtT.  A  nerve  preserves  it-*  cxcilaltility  as  long  aa 
it  preserv(?a  \Ut  structunil  inlegrily.  and  rcTuvers  iu  [wwcr 
in  recovering  that  integrity.  The  length  of  time  ^-aries,* 
Oratiolet  found  the  niti^les  in  tlie  \vg  of  a  tortoise,  vrhicit 
had  iKcn  umpututed  a  week  before,  contract  when  the 
nerves  were  irritated  j  and  SchilV  found  the  divided  nerve 
of  u  wiutur  frog  excitable  lit  tho  end  of  Uirec  weclu. 
Even  after  all  excitability  has  disappeared,  it  will  reap- 
pear if  arterinl  blood  be  injected;  jii^it  as  miiscli^  whieh 
have  already  begun  to  assume  cadaveric  rigidity  recover 
their  coutnictility  after  tran»fu8ioa  Nor  is  this  all.  Tbe 
separated  nerve  Hnally  degenerates,  and  loses  all  its  struc- 
tural chaiiictur^  luid  physiological  properties ;  yet  under 
favorable  conditions  it  will  regenerate — I'ecover  its  sti-ue- 
turea  and  properties ;  and  this  even  apart  from  a  centre, 
a«  Vulpiuii  nhowud.  Very  noticeable  is  the  fout  that  the 
force  said  to  be  produced  in  Uie  centre,  and  only  "con- 
veyed" by  the  nerve,  vanishes  gradimlly  from  the  centre 
to  tile  peripheiy,  and  recovers  from  tlie  periphery  to  the 
centre  —  Uie  part  of  the  norve  whicli  is  farthest  ftom  the 
centre  being  excitable  when  the  part  nearest  the  centre  is 
still  incxcitidde.  Again,  when  ii  nen'c  is  pinched,  con- 
traction in  t)m  muscle  follows ;  but  the  pinch  has  for  a 
lime  so  disturiwd  the  ittnictiirul  integrity  of  the  nerve  (at 
that  spot)  that  no  irritant  applied  to  the  spot,  or  beitecat 
it  and  the  centre,  will  he  followed  by  contraction,  whereas 
iithw  the  S|)ot  an  irritation  takes  cfleet.  This  is  another 
form  of  tlie  experiment  of  AVillis.  Kven  in  its  normal 
state,  the  nerve  has  different  degrues  of  excitability  in 
different  parts  of  its  course,  — 1»  fact  discovered  hy 
I'illlger  which  is  quite  irreconcilablu  with  the  hypothe- 
sis of  |>assive  conduction.    Doubts  have  been  thrown  on 

*  tn  nLniiinmU  about  UiTM  dayii,  iii  binU  foui  dnys,  iu  frogt  faitrtwn 
to  Iwutty  (lay*. 
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Pfliigci's  interpretation,*  iiamely,  that  there  is  on  iivii- 
laucbe-like  accumulstion  of  i'ncr^y  jirciporttonate  to  the 
leuj^Ui  of  the  slimulated  portion;  but  thu  fiict  remains, 
iiat  one  and  the  same  irrilant  a|iplii!ii  successively  to  two 
(lifTi^reiit  poinUi  of  a  iiervo  cloe-t  not  irritate  the  niiisclfi  in 
tlie  samv  tlugreo.  Munk  also  liiirls  thv  v(.'l(>city  of  tmns- 
tuission  in  a  motor  nerve  increases  as  it  approaches  ila 
termiuution  in  tbc  iiiti.-t<:le.'f' 

59.  Kothiog  can  be  more  unlike  the  conduction  of  an 
dectno  current  than  tliis  excitation  of  Neuriiity  ;  nothing 
more  accoitlaut  with  tlic  idi'a  uf  it  ns  a  vitiil  property  of 
the  tissue.  The  notion  of  its  bein^  derived  from  a  centre 
is  on  a  par  with  tbc  uotion  first  sucG<»sfully  combated  by 
Haller,*  that  the  muscle  derived  its  (.'ontrsctility  from 
the  nerves;  or  the  analogous  notion  that  the  electric 
organ  in  lishes  derived  its  projwrty  from  t)ie  bmin.  In- 
deed, it  was  in  support  of  tlie  hjiwtbc-sis  ibnl  ihu  bmin 
was  a  batieiT,  and  nerves  the  conductors,  that  tlie  phe- 
nODieiia  observed  in  electrical  tishos  were  frLijucntly  cited. 
The  electric  organ  was  seen  to  be  connected  uith  the 
bmin;  itx  disdiar^^es  were  under  tbc  control  of  iho  ani- 
mal,  an<I  were  destroyed  on  one  side  when  the  brain  on 
the  corresponding  side  was  destroyed.  But  Chiirlcs  Kobin 
long  ago  suf5jcsted,  what  iudot'd  ouj^hl  never  to  have  Iwen 
doubted,  that  the  brain  was  not  the  source  of  the  elec> 
tricity ;  but  that  the  tissue  of  the  electric  oi^n  itielf  had 
this  special  properly,  which  Uic  nerve  niyrcly  called  into 
activity.  The  sug^rcstion  has  been  experimentally  veri- 
fied by  M.  Moreau,  who  divided  all  the  nerves  supplyin" 
the  electric  oi^ui  on  one  side,  and,  having  thus  cut  off  all 

•  RmiMimKii,  in  Jaunial  af  A-ttatrmy,  18(3,  No.  VIII,  p,  331, 
(FuiiM'HL  dcnlrs  tlitt  tho  nerVB  in  n'fii  han  iliirnrcnt  dcKivcii  of  nactlon, 
^txuM^btriAt*  tier  Wieiur  Ahxd.,  Ducomlicr,  ISTS.) 

+  Mii!CK,  In  th«  ifrrAip/Br  Ar^aX.,  1860,  p.  798. 

X  IlAtxxn,  Jtiaujim  nir  la  naturt  ttntMc  ct  irrilaltle  da  jHtrtit*. 
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communication  with  ttic  brain,  priHluct^ct  electricnl  dis- 
vhargci!  by  irritiitinf'  the  nerves;  jHxici-scIy  as  tlie  niuttcles 
are  madu  to  contract  when  the  dividcil  uorvi-s  «re  ini- 
lated.  Had  tiie  expcriniorit  ceased  liere,  it  inif^lit  Itave 
been  iiiti'rprcled  on  the  old  liy[K)ttn'»is :  the  «l«ctric 
organ  mi;^ht  be  supposed  to  have  a  certain  araonnt  of 
eieotric  iotvc  condensed  in  it,  ^toivd  up  tlicio,  ns  it  is  said 
to  be  in  tlie  nervea,  and  discharfjed  when  tho  organ  is  irri- 
tated. Bill  exiwrinient  has  decided  this  imint  nlso,  ¥iK<:- 
tric  fishes  notoriously  exhaust  their  power  by  a  few  dis- 
eharges,  mid  recover  it  after  reixwe.  When  M.  Motcnii 
had  exhausted  bis  inutiliit«d  fishes,  be  replaced  tbein  in 
the  water,  and  allowed  Ihem  iwpiwe.  On  a^ain  in-ilating 
the  divided  nervc.<,  the  dischai>;es  were  agnin  produced.* 

60.  <Jn  all  sides  the  idea  of  nerves  deriving  their  [lower 
from  another  source  thnii  their  o»vn  substaneo  is  sceu  to 
he  tmtcnabla  A  priori  this  might  have  lieen  concluded. 
Netirility  )8  the  vital  properly  of  nerve-tissue.  "  Nervc- 
forec"  is  nerve-action  —  mnleeular  changf^t  in  th(^  nerve 
itaelf,  not  in  some  remote  substaDce.  That  nerve  and 
eentre  are  vitally  connected  is  true ;  and  what  their  phy»-. 
iological  relatioiw  are  will  herenfler  bo  examined ;  but 
we  must  dismia^f  tlm  idea  of  »er%'es  having  the  relation  to 
centrtM  that  electrodes  have  to  batteries. 

61.  In  pro^rosiiig  the  t«rm  Neurility.  I  not  only  wished 
to  get  rid  of  the  ninbijjuilti^^s  which  hovered  i-oiind  "  nerve- 
forco"  and  "nerve-current,"  but  to  recall  the  physiologi- 
cal principle  that  properties  are  dependent  on  structures; 
and  thcri-fiirc  thnt  the  special  property  of  ncrvi-tissue  is 
conditioned  by  its  structura  Neurility  is,  of  course,  an 
abatractioii ;  but  m  is  thr  nerve  an  abstraction.  The  con. 
cretv  mnni  festal  ions  arc  the  several  iicr\o-actions.  Tliese 
we  classify  and  specify.  One  class  we  call  sensoiy, 
onotlier  class  motor ;  not  because  the  nen'o-oction  itself 

•  Campfa  Rmdut,  18Ci,  I. IV.  \\  DCS. 
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is  dilTerent,  but  because  it  is  in  ench  clns.t  in  a  diircrent 
fnnctionsl  raJutioQ  to  oilier  pnrt«.  In  classin};  men  as 
govenidrs  and  g<nerned,  i-ioployera  and  emj^oyftd,  we  <lo 
not  suppose  anl]mj[i(ilo^i<-nl  distinctions,  but  only  difTor^ 
i>nwa  in  their  social  functions. 

G'l.  Tliis  is  tlic  iiKidification  of  Uiv  I-nw  uf  B«)l  to 
which  reference  vraa  niado  in  §  26.  It  replaces  the  idea 
of  two  (iifliTL-nt  kinds  of  n<!rvc  sensory  an<l  molor,  by 
tliat  of  two  different  anatomical  connections.  I  nt-t-d  not 
rcproducK  lierc  the  ailment  wIlli  which  I  formerly  criti- 
cised the  auppoaed  distinction  between  seusorj'  and  motor 
neiyta ;  hec»iiw  the  old  idm  is  rapidly  falling  into  dis- 
cndit,  and  physiologists  so  eminent  as  Vulpian  and 
Wundt  liavo  explicitly  announced  their  ndhesiion  to  the 
principle  of  identity.^a  principle  which,  nsVulpJun  truly 
remarks,  dominaU^s  the  whole  physiology  of  the  nerroua 
system.* 

TllK  HYP0TIIKSI8  Of  SPECIFIC   ESEEGIES. 

63,  One  development  of  the  theoiy  of  Bell,  reajjecting 
tlie  dilTcreiit  kinds  of  nerve,  has  In-en  the  atill  accreditod 
hypothesis  that  each  nerve  lias  a  "  speciBc  eneigj","  ""'  <luol* 
ity,  in  virtue  of  which  it  acta  and  reacts  only  in  one  way. 
The  optic  iicnc,  no  matter  how  giimulatcd,  only  rwpouds 
by  a  sensation  of  color,  the  auditory  nerve  only  by  a  scn- 
satioQ  of  sound ;  and  so  on.  Tliis  liypothc^is,  which  (as  I 
leurn  from  a  corresiiondent)  f  was  origiunlly  |irojKiiiiidi.'iI 
by  lk-11  hiinsdf,  wa^^t  developed  nitd  niadi;  an  Kuropean 
doctrine  by  Jolianiies  Miiller,  first  in  his  remarkable  Irea- 
tbte,  Obfr  ttie  pJutnltutudun  GraicKtsersehcinungcn  (1826), 

*  "  J'etpiirti  rmi)  cormlnvtnqii*  loiu  If*  i!l«mcnt*  anittomiqur*  dn  nrrfi 
wniiliri.  motcura,  i-womoti-ii™.  et  niitrei,  ont  I™  mtimt  pn>i)riulL-%  tl  ne 
»Dt  dUlincti  <{Uo  par  Imn  ri>n>.'tion>.  (*vtl«  iinrallon  ril.  i!a  In  |-ll» 
buts  in>pottaDi.T  puiu  la  plirUiiloRlB  gAn^nJr.  C'«,t  cclU  qui  ilomiiic 
toulr  In  ti)i]ri^<>l«K'''  ''"  l^liira  nor*Diue8."  —  Vi'LPtAX,  jUftnu  lur  la 
ntfiiolt^  liu  Sy^tme  AWrrruo,  p.  11. 

+  Mr.  J\%ea  AsDUEvm. 
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and  afterwarda  in  his  Pht/stology.  Like  all  good  liypotli- 
vsi-s,  il  has  been  Iruitfiil ;  and  Helmlioltx  xtill  liotds  il  to 
be  of  extraonlinary  importance  for  the  tbc-ory  of  percep- 
tion. Altliougii  combaled  l>y  a  tew  physiologisU,  it  has 
kept  its  plHcv  lirtu  in  Uio  gt't)(;ritl  iiccujitaiicu ;  no  doubt 
because  it  forms  a  ready  explanation  of  tlic  facts,  llut,  as 
I  oiU'n  Imve  to  retnark,  explanatuM  is  not  devuntiralwi.* 

64  The  fiist  cnticisfn  to  be  made  on  the  liypotbeeis  ia 
that  it  comntita  Uie  error  of  conl'oundiug  function  witli 
proppity,  assi^'tiing  as  u  sjiecitic  (junlity  of  tlic  nerve  ibe 
reaction  of  die  organ  innervated.  Thus  Muller  8|ieak3  of 
the  spocibc  energy  m  "the  easential  condition  of  the 
»er\es  in  virtue  of  which  they  see  light  and  hear  sound." 
But  the  optic  nerve  no  more  xcs,  tliau  the  hvcr-nerve 
itcrttts  bile,  Tliat  the  optic  nerve  is  one  element  in  the 
mechanism  on  which  vision  depends,  ia  all  Uiat  we  can 
»&y.  Mtiller  declarer  tliat  it  in  not  KutSci(.-ut  to  assume 
eocli  nerve  to  be  so  constituted  that  it  has  ft  ansceptihility 
to  certain  stimuli  rather  than  to  others;  but  tliufwiUi 
Aristotle  we  must  ascribe  to  each  a  peculiar  enei^y  as  its 
vital  quality.  Sensation,"  he  adds, "  consists  in  the  scn- 
isorium  receixinp  through  tlie  medium  of  the  nerves  a 
knowMge  of  tertain  ^uah'tit*,  —  a  condition,  not  of  the 
external  bodies,  but  of  the  nerves  themselves,"  —  and 
these  qualities  are  diflerent  in  different  nerves.  In  other 
words,  he  assumes  n  special  substance  for  each  special 
eueig}'.  The  sensation  of  color  depends  on  the  spe- 
cial Vi.'snal  substance  (SrJitinnsKhxtaTJS) ;  tlie  sensation 
of  sound  oil  the  Auditory  substance  (ffortinnsuhetani}; 
and  so  on, 

65.  Wc  \mvc  here  au  hypothesis  analogous  to  that  of 
Innate  Ideas,  or  a  priori  Forms  of  I'hought  It  is,  in  fact, 
only  a  reproduction  of  that  couccptiou  carritid  into  the 

•  In  Iht  Bccond  Hum  tin  of  Iji  Keruc  Pkiloiojihiquf-.  Parii,  Ifl'fl,  1  h«»« 
tnatetl  tlii*  quvition  of  (pciSc  energies  mote  at  length  than  I  could  find 
«pMC  for  In  ttir  prrnnt  volume. 
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aiihcrc  of  Sense.  No  one  tliinks  of  nsstgning  «pcciBc 
•rner^pes  to  the  several  muHcles,  yet  a  roovem«Bt  of  pre- 
h«itNinn  is  a^  <)iirurciit  f'roin  a  movement  of  extensioD,  a 
peristaltic  movement  is  as  (liftcrent  from  a  movement 
of  occlusion,  lu  a  si-tisfttiuiiorsuiiml  in  fi<oin  n  setisation  of 
folor.  If  movement  is  common  to  both  of  the  one  elass, 
feeling  Is  common  to  tiolh  of  tbe  oilier;  llic  fontis  and 
mecltanism  ar«  difffrvnt  and  specific.  Muscles  have  tJie 
c<Hiimoii  property  of  contracting  undt-r  sliniiitatiou ;  wliut- 
ever  be  the  nftturo  of  tliu  stimulux,  each  muscle  has  its 
own  particnliip  response,  or  mode  of  reaction :  tbe  Hexor 
always  bending,  never  extending  tbe  limb ;  tbe  spbinctoi 
always  cloainp,  never  opening  tlip  orifice.  Tbe  move- 
menls  of  ihv  bi-art  are  not  tlic  fiame  as  tliose  of  Uii>  eye; 
l)Oth  are  unlike  tbe  movements  of  tbe  intestine.  Tliere 
arc  muscles  which  respond  to  snnie  etimidi,  and  not  to 
othere.  Tliosc  of  the  eye,  or  of  tbe  \-oral  chonlii,  rwpjjnd 
to  impulses  which  would  leave  the  masscter  or  biceps 
unstirred  .Aceonling  to  Marey,  tbe  byoglossiia  of  a  frog 
will  becoioe  tetanic  iindi;r  a  stimulus  of  only  ten  puko-<t  in 
a  second ;  whereas  tlie  gnstrocncmius  of  tlmt  surac  frog 
resists  a  stimulus  of  less  than  twenty  in  a  second.  ^Vo 
find  tbu  retina  responding  to  ctlicrciil  piilnCM  which  leave 
the  auditorius  unaffected ;  we  find  the  inusclcs  of  a  final's 
wing  80  exquisitely  Kiisceptibic  that  the  wing  beau  eight 
tltousand  times  in  a  second,  —  a  delicacy  in  comparison 
with  wiiicb  even  our  niu»ck-s  of  the  eye  are  coarse. 

66.  The  facts  which  the  hypothesis  of  specific  energies 
is  called  on  to  explain  aro  more  consistently  interpreted 
on  the  »dmi»ition  of  a  commun  properly  in  nerve-tissne, 
manifesting  different  degrees  of  excitability,  and  cutcring 
into  diflferent  mechanisms,  so  that  the  functional  results 
differ.  A  nerve  which  may  be  stimulated  from  the  skin 
will  not  respond  at  all,  or  not  in  the  same  way,  if  the 
stimulus  be  applied  under  the  skin.    Are  wo  to  suppose 
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that  Uit5  specific  enei^  resides  in  one  port  of  tbe  oeire, 
mmI  tiot  iu  auotlier  ?  *  That  ttie  »|«lic  uer\-e  icBponds  to 
itimuh  whicb  will  not  sensibly  excite  a  motor  uerve, 
dcfxaML*  oo  the  tenuJoal  >[n)cUii«s  through  which  the 
stimulatioD  is  excited;  for  the  opUc  aervc  ilsi-ir,  it|ian 
from  Uie  retiua)  expanaioi),  i*  aa  iusenuble  to  lijffat  as  the 
motor  »cn*c  i«.  And  tbe  specific  KBtalJoo.  or  movi'ineut, 
vbich  rtiuiu  from  stimulation  of  a  nerve  depends  not  4m 
the  oerve.  bat  on  tlte  mi-chaniEm  of  wbicli  Uie  ncne  is 
one  elemeuL  Sensations  of  touch,  temperature,  nnil  iKtin 
w  osMTCdly  spmfie ;  they  arc  as  unlike  eodi  ottwr  as 
ft  sensation  of  taste  is  nnlike  a  senaation  of  smell  Yet 
tite  same  nerves,  variously  stimulated,  produce  all  three 
aeiuatioas. 

67.  We  conclude,  thererurc.  that  tbe  phraae  "spccitic 
OBClgy"  a  an  elliptical  expression  for  tl>e  particular  <Moe 
of  ft  nerv'e.  In  this  meaiiing  there  u  no  obscurity.  Tbe 
optic  Derv'c  is  not  a  vasomotor  nerve,  the  skin  ner%'e  is 
not  a  muscle  Derve ;  the  auditory  nerve  is  a  nerve  of 
special  soosftUoD,  the  vigas  is  u  ucrvo  of  systemic  sen- 
sation ;  and  80  on.  \either  movement  nor  sensation  1>«- 
kogs  to  the  ner\'es  themselves. 

"  Id1S59  I  niirntiun<\IIli«t  ir(h«DPrTaofB(iti^«bad(b*«(pMl4lT 
nidns  Uir  Bklii,  th<<y  may  be  prirhnd  or  ma  cot  iritfcoBt  louibli  tflbB^ 
•llhough  a  ilii^i  prick  oa  the  akin  «iU  udte  the  acrvn,  sad  OHMb 
■  rvdcx  ■I'tioii.  Iu  1870,  Pror.  FiCK  expmnl  hit  avUabhnmt  M 
flndinfi  Ili>I  afrrr  he  hul  not  nut  a  piece  of  th«  Mn,  Wvinx  it  ittacbcd 
t)  the  body  by  ■  ■ingle  nmrp,  clcrtrir«l  stinmlnliim  of  thU  hokiI  Bkin 
mned  th«  frog  lo  lunke  the  reflex  tnavement  of  rubbing  Mttv  irrilalod  (UT- 
bc« ;  *lianu etfi'trii-ul  itimulatian  of  the  ucni'-tniuk  itwif  iiroductd  no 
reflex  efTecl,  only  it  twitvliiug  at  n  uiiintli',  FJlii'jfr'i  Arckiv.  ISTO,  p. 
.137.  Biiowjf  S(i»(UAiiD  triei  to  citttbliih  a  dintinct  ipwiw  of  awtw 
■■  eandaOmt  of  Knntive  impmiinti.i.  from  thou  vrliich  *r»  impnmlatf 
•Ut.  Thi  UtM  OD  which  be  foiuidn  tliiw  Iwu  iiroprrtim  nmpljr  •hew 
that  DFrm  >r«  m  dUpoaoI  tbiU  tb«  «tiiiiuliiii  which  cicilM  iLem  tii 
aon  pbc«  fuU  in  snotbcr.  lie  could  hardly  maiiilain  that  >  Kkin 
iiorre  oontalnpil  impteuionsUe  GLrra  at  it*  |>rri[ilifr)',  nnil  only  con- 
4ndiiig  fibm  in  iu  trunk  l  See  lili  rommnnleiitton  to  the  Boyal  Sueietf, 
Prvettdi«gt.Mit:  and  J^eOirca  in  the  XaiKVf,  10th  July,  1SS8. 


TUE  XEltVOUS  UECltANISM. 


211 


CHAPTER    IV. 


SENSIBILITT. 


68.  TuE  principles  laid  dowu  in  t}ie  preceding  chapter 
are  equally  applicable  to  tliu  ceuirul  systciiL  Bui  livnj 
tjixMiU;!'  ditti<:ultifii  await  us.  We  caiuiol  expect  tmdi- 
tional  views  to  be  eaaity  tiiaplaced,  wbeii  they  liavc 
Uikvu  siicli  lioM  on  tht  mind,  as  is  tbo  cuso  witli  regard 
to  Sensibility.  To  admit  that  all  nerves  have  a  cotumoo 
l)roperly,  oiid  tbat  liieir  fuiictjonal  ivlalions  de])c;nd  on 
ttic  ui^iaRS  which  they  inoervate,  demands  small  rellQ- 
i|ULslii»i;iit  or  vheriftled  opiitiuns.  Itul  to  admit  tliat 
all  iHTve-centres  have  n  conimvu  property,  and  that  llieir 
fuuotioual  relations  depeiid  on  Uieir  anauiinicul  ouud«c- 
tions.  ia  to  sweep  away  at  once  a  mass  of  theoretic  in- 
tiirprvtHtiunii  which  from  lonj;  familinrity  have  sciiuirod 
an  almost  axiontalio  force.  That  Ihij  brain,  and  lliu  l>miii 
only,  is  the  source  an<l  seat  of  Kenaibility  is  the  postulate 
of  mo<lcni  Pliysiolog}'. 

69.  The  ijuestion  is  one  of  eiLtreme  complexity,  but 
miiy  he  ;;rrat)y  simpUBed,  if  we  can  mntin;:^  to  reduce  it 
t«  purely  physiological  term*,  and  consider  the  phenoine- 
oa  in  tltcir  objective  aspect,  fn  dealing  with  nerves  and 
tlieir  actions  this  was  comparatively  eaay;  we  liad  for 
the  ino«t  {>art  only  pliysiolo^ical  processes  to  imravel. 
It  is  otherwise  in  dealing  with  nerve-centres —  tb«  sub- 
jective or  psychoI(^'ical  aspect  of  the  phenomena  inevi- 
tably thrusts  itself  on  our  attention;  and  nil  the  mys- 
teries of  FeelJQg  and  Tliougbt  cloud  our  vision  of  the 
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neural  process.  l>o  what  we  will,  M'e  cannot  altogether 
divcsl  SL'iisiliility  of  its  psycholo-^icul  cunnoWtions,  cnu- 
noc  help  interpreting  it  in  terms  of  Cousciuueness ;  so 
tlint  even  wheu  treating  of  sensitive  pht-nnnienn  olv- 
servctl  in  nioUnscs  unti  insects,  wc  ulwaj-s  iiua^ine  these 
more  or  less  sulTused  with  Feeling,  as  tliis  is  known  in 
our  own  conscious  stat4». 

71).  Feeling  is  recognized  as  in  some  way  or  other 
lx)uud  lip  with  NOnml  processes;  Lut  Physiology  proper 
has  only  to  concern  itself  n-itlt  the  processes;  and  the 
iiuestiou  whether  these  eui,  and  do,  go  on  unaccoinpn- 
nied  by  Feeling,  is.  strictly  speaking,  one  which  belongs 
to  Psychology.  It  demaii<ls  as  n  pivliniinaiy  that  llic 
term  Peeling  be  delincd ;  and  the  answer  will  depend 
upon  that  deHnition,  namely,  wlictlier  Feeling  be  inter- 
preted as  synonyiuoiia  with  Consciousness  in  the  re- 
stricted sense,  or  synon^nnous  with  the  moiB  general  term 
Sentience.  If  the  fonner,  then  since  there  are  unqae»- 
lioiiably  neural  processes  of  which  we  are  not  ctmsciows. 
we  must  specify  the  ^xirticular  groups  which  subserve 
Feeling ;  as  we  spcicify  the  particular  groups  which  8Ul>- 
serve  ihe  sensation.^  of  Sight,  Hearing,  Taste,  etc.;  and 
localize  the  sejiarate  functions  in  sepatale  oi^ns.  If  the 
latter,  then,  since  all  neural  processes  have  a  common 
character,  we  have  only  to  localize  the  particular  varia- 
tions of  its  manifestation,  and  distinguish  sensitive  phe- 
nomena as  we  distinguish  motor  phenomena. 

Tl.  It  is  absolutfdy  ceriaiu  that  the  Feeling  we  attrib- 
ute to  a  mollusc  is  diflerent  from  that  which  we  attrib- 
ute to  a  man ;  if  only  because  Uio  organisms  of  the  two 
are  so  widely  diflcrent,  and  have  been  under  such  difier- 
ent  conditions  of  excitation.  I  f  every  feeling  is  the  func- 
tional result  of  spccift]  organic  activities,  varying  with 
the  oo-opcraut  elements,  we  can  have  no  more  warrant 
lor  assuming  the  existence  of  the  same  partiettiar  forms 
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of  Feeliug  in  orgunisuu  that  arc  unlike,  Ihtin  for  asaum* 
ing  the  47tb  proposition  of  Euclid  to  be  presented  by  any 
tbreu  straight  lines.  The  lines  are  the  necessary  basis 
for  tiie  construction,  but  tlicy  are  not  the  trianglo.  ex- 
cept vhen  in  a  S]>ecial  configuration.  This  i»  nnt  deny- 
ing Uiat  animals  j'ttl  (in  tlie  genvml  sense  of  tlmt  terra), 
it  is  only  aswrting  tliat  their  feelings  must  be  very  ymlikt 
our  own,  Ev«n  in  our  own  race  we  see  marked  dilTer- 
ences  —  some  modes  of  feeling  being  obsolulvly  dvuicil 
to  indtvidiiais  only  slightly  differing  from  their  fellows. 
If,  however,  we  admit  that  differeut  nuimals  must  have 
diflereiit  modes  of  Feeling,  we  must  also  admit  that  the 
u«uro-inusciilar  activities  ars  generically  alike  in  all, 
because  of  the  fundamental  similarity  in  Ihe  structures. 
Whether  we  shall  a^igii  Keeling  to  tlie  mollusc  or  not 
will  depend  on  the  meaning  of  the  term ;  but,  at  all 
events,  we  require  some  term  general  enough  to  include 
the  phenomena  manifested  by  the  mollusc,  and  those 
nianifest«d  by  all  other  animals.  Sensibility  is  the  least 
objectiouablc  term.  Unless  wc  adopt  some  such  general 
designation,  physiological  and  psychological  interpreta- 
tions become  contradictory  and  ohscuro.  The  current 
doctrine  which  assigns  Sensibility  to  the  brain,  denying 
it  to  all  other  ceiitixts,  is  .seriously  defective,  inasmuch 
tis  it  implies  tliat  tissues  similar  in  kind  have  utterly 
diverse  propertie-i ;  in  other  words,  that  the  same  nerve- 
tissiH!  whith  manifests  Sensibility  in  the  brain  has  no 
such  property  in  the  spinal  cord. 

72.  How  is  this  tenable  ?  No  one  acquainted  at  first 
hand  with  the  facts  denies  that  the  objf^ctive  phenomena 
exhibited  by  the  brainless  animal  have  the  same  general 
character  as  those  of  the  animal  possessing  a  brain :  the 
actions  of  the  two  are  identical  in  uU  cases  which  admit 
of  comparison.  Tlmt  is  to  say,  the  objective  appearances 
are  the  same ;  difl'ering  only  iu  so  fur  as  the  mcclmnisms 
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an  made  different  by  the  {ii«si>dc«  or  absence  of  certuu 
partA  T)te  bniiu  not  being  a  neoeasary  part  of  Uie  ate- 
cbauical  adju^l""^^  '"  Awinimiuj;,  or  pusliin;;  nitidc  an 
imUting  object,  the  braioleas  Irog  swius  and  derends  it- 
self ill  thv  Huuic  wiiy  as  tlie  normal  Tnig.  Bui  i>o  sooner 
(k>  wc  yiase  from  the  objeclive  intcr})reiatjon.  and  intra* 
duce  the  subjective  eiement  of  Feeling  amoitg  tJ>e  series 
of  Victors  uecesaury  to  the  prodvict — no  suonvr  do  we  ask 
whether  the  brainteea  frog  /mU  the  irritation  against 
which  it  stru>^W,  or  udlli'  the  uioveuiunts  by  which  it 
Bwims^tlian  the  question  has  shitted  it^  ground,  and  has 
passed  from  I'hyttiology  to  Paycholog>'.  The  appeal  is  nu 
longer  nia<ie  to  Obat-rvation,  but  to  Int«5q}i«tatiua.  Ob- 
Bervatiou  lell*  us  here  nothing  directly  of  Keeling.  What 
it  does  tell  iw,  however,  w  the  identity  of  the  obj«ctive 
phenomena ;  and  Physiology  demands  that  a  conimon 
term  be  employed  to  designate  the  character  vomraoa  to 
the  varied  phenomena.  Sensibility  La  such  a  teim.  Bat 
moBl  modern  physiologists,  under  the  bias  of  tmdiUon, 
refuse  to  extend  Sensibility  to  tlie  spinal  cord,  in  8pit«^ 
of  the  evidences  of  the  spinal  cord  possessing  that  proft- 
orly  in  common  %vith  the  bniin.  They  prefer  to  invoke 
a  new  property ;  they  assign  spinal  action  to  a  lieHex 
Mechanism  which  has  notliing  of  the  character  of  Sen- 
sibihty,  because  they  have  identified  Sensibility  with 
Conscimiani'j^s,  and  liave  restricted  C'onscioiisnesB  to  a 
special  group  of  sensitive  plicuoniena. 

73.  Nor  is  it  to  he  denied  that  on  tliia  groniid  Hkej 
have  a  firm  basis.  Kvery  one  eoald  testify  to  the  &fit 
tiiat  many  ])roces8es  normally  go  on  without  being  accom- 
panied by  consciousness,  in  the  special  meaning  of  the 
term.  Itvflex  actions, —  sueli  fw  winking,  breathing,  swal- 
lowing,—  notoriously  produced  by  stimulation  of  sensi- 
tive surfaces,  take  place  without  our  "  feeling  "  them,  or 
biMDg  "conscious"  of  tliem.     Hence  it  U  concluded  that 
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tlii>  Reflex  mcchaiiiHin  Hufficc«  witliout  the  mt«n'ention  of 
Senaibiliiy.  I  altogether  diitpiite  the  oonclusioii ;  aud  in 
A  future  I'roMcni  will  (.-iideuvor  to  show  that  Seosibility 
J3  necessary  to  UeQex  Action.  But  without  an-aitiiij;  that 
ex]ioaition  wc  may  nt  oi)e«  conTroDt  ttio  evidence,  by  ad* 
ducing  the  ramiliar  Tact  that  "  uocDnscious  "  prooeeses  go 
on  in  the  brain  or  woti  n.^  in  tti«  Apitinl  cord ;  and  Uiia  not 
simply  in  the  spliero  of  Volition,  but  siha  in  the  sptioro  of 
Tlionght.^  We  act  and  think  "  BUloiiiuticiilIy  "  at  tiinca. 
and  arc  <iuit«  "  unconscious  "  of  what  we  are  doing,  or 
of  the  data  wo  are  logirally  grouping.  We  oft«ii  think 
ua  itnconsciously  as  wo  breathe ;  although  from  time  ta 
time  we  become  conncious  of  both  proceuoa.  Yet  who 
vrilt  a.s»crt  that  these  uncoiiaciouH  procesHes  wore  inde- 
pendent of  Sensibility  '.  Who  will  nmttilain  that  l>ecauM 
cerebral  processes  arc  stomctimes  unaccompanied  hy  that 
peculiar  state  named  Coiiaeioutiiiosft,  ther(-l'nrc  all  iU  pro- 
ceMM  are  unaccumputiiud  by  Feeling?  And  if  here  we 
admit  tliat  the  Keflex  mechanism  in  the  bniiti  i»tteiuUiot 
moclmnism.  mriily  wo  must  equally  admit  thsit  Uio  similar 
Befles  mechanism  in  the  spinal  oonl  is  sen)«itivel 

74  l^t  it  be  undt-retood  that  Sensibility  is  the  com- 
mon properly  of  nerve-cent  i-es,  and  physiological  inter- 
pretations will  become  clear  and  consistent.  Conscious- 
neat,  as  tmdcnttood  by  psychologists,  is  not  a  ptopertj-  of 
tissue,  it  is  a  function  of  the  organism,  dependent  indeed 
on  Seosibilily,  hut  not  convertible  with  it.  There  is  a 
greater  distinction  lietween  the  two  than  between  Sensa- 
lion,  the  reaction  of  a  scnsoiy  organ,  and  rcrccption.  the 

•  In  toniKHUWicf  of  thi*  DbasmtUin  wnin  pliMiologWa  li*v*  main- 
UiiMl  Ibat  FrvUnic  or  ConnclmuncM  never  nriiTi  in  crrrhnJ  ■ctirit]', 
nklcM  the  Ihdnmt  »ncl  the  cornn«l*J  tnKli  nre  «t  Ae  Him*  time  in 
•ction.  I  go  furtbrr,  unl  maintalii  tliil  thrre  la  no  Canadmnniwi  (ia 
the  mirtct^l  lUMnbiK  at  thf  fTui)  vnt/ai  (Ae  vkeU  ur^niant  ii  intolvtd. 
Cfrribnil  or  «plnal  actirity  will  be  nclivily  of  ScnaibilitT ;  but  this  \»  only 
tb«  \mM»  of  CotiKiaamm. 
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comUioed  result  of  sensoiy  aud  cerebral  reacttona;  or 
than  that  betwe«D  ('ontnctility,  tlie  property  of  the  mus- 
cles, and  Flyiiig,  tbc  fuucttou  of-  a  {urticular  j^up  of 
moscles.  It  13  not  possibta  to  have  Consciousnesa  with- 
out Seosilnlity  ;  but  pcrfuctly  jiossiblv  to  have  Sviisationx 
without  CouM-iousoess.  This  will  perhaps  seem  as  incou- 
oeivablo  to  the  nader  m  it  seeioed  to  Schroder  van  tier 
Kolk.* 

75.  Let  us  illiiatrate  it  by  the  analog)-  of  I^aiu.  There 
b  a  vast  amoiuat  of  seusation  normally  excitoil  which  ia 
totally  unaccompanied  by  the  feelings  classed  as  painful 
Tile  u(;lioii  ot  ihe  )!{>ocial  senses  may  be  exaggerated  to  an 
intolerable  d^ree,  but  the  exaggeration  never  passes  into 
pain :  tlie  retina  ruay  be  blinded  with  excess  of  light,  and 
the  ear  stunned  with  sound  —  the  optte  nen'e  may  be 
pricked  or  cut  —  but  no  pain  results.  The  systemic  sen* 
B3lion8  also  are  habitually  painless,  tJiou^h  they  pass  into 
[lain  in  abnfinual  states.  Clearly,  then,  Fain  is  not  the 
necessary  consequence  of  Sensibility ;  and  this  is  Irae  r>ot 
only  of  certain  sensitive  parts,  but  of  all ;  aa  is  proved  in 
the  well-known  facts  of  Analgcsiu,  in  which  complete 
insensibility  of  the  skin  as  regards  Pain  oo-exists  with 
vivid  sensibility  as  ix^rda  Totit-li  and  Temperature. 
Uence  the  majority  of  physiolo^ista  refuse  to  acknowl- 
edge that  the  struggles  and  cries  of  an  animal,  after 
removal  of  the  brain,  are  evidences  of  pain ;  maintaining 
that  tliey  are  "  simply  reflex  actions."  This  is  probable; 
the  more  no  as  wo  know  the  struggles  and  cries  which 
tickling  will  produce,  yet  no  pain  aocompaniea  tickling. 
But  if  thii  stru^les  and  cries  are  not  evidence  of  pain, 
Uiey  are  suruly  evidence  of  Sensibility. 

76.  Now  for  the  term  Pain  in  the  foregoing  paragrapli 

'  "An  nnconacloiu  leiiwktjon.  which  Inirn  diitingnblics  from  pnv«p- 
tion.  U  to  me  an  incoupeivabls  (irt  filr  micli  nn  Vmi'uig)." — ScBkuDBS 
VAN  DEH  KoLK,  Dit  PiiUuilugie  da  Oeuttt-JCraaJd^tiUit,  p.  22. 
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subatituto  thi!  tenn  Consciousne^,  aiii]  yon  will  perlmpa 
allow  chat  wbilo  it  may  be  juaUBable  to  interpret  the 
actions  or  a  bminless  animal  as  due  to  a  niechnnisrn 
which  is  unaccompanied  by  the  specialli/  conditiiMed  /rirma 
of  Sensibility  classed  under  Conaciousiiess  — just  as  it 
is  unacconipunicd  by  tti«  specially  condittoiiod  rorniB  of 
Perception  and  Kmotioa — there  ia  no  justification  lor 
assuming  the  mechanism  not  to  have  been  a  HnsUive 
mechanism.  The  winglca«  bird  cannot  nmnilcst  any  d[ 
the  phenomena  of  flight ;  but  we  do  not  therefore  deny 
that  iljf  otiurr  movvuicutjt  dupcnd  on  Contractility. 

77.  DitBcult  as  it  must  be  to  keep  the  physiological 
question  apart  from  the  psychological  wlifu  treatinjj  of 
Sensibility,  we  shall  never  succeed  in  our  analysis  unless 
the  two  questions  are  separately  treateil.  The  physiolo- 
gist considers  oi^^nisms  and  their  actions  from  tlieir 
objective  side,  and  tries  to  detect  the  meciiauism  of  the 
observed  phenomena.  These  lie  has  to  interpret  in  terms 
of  Matter  and  Motion.  The  psychologUt  interprets  llicni 
in  terms  of  Feeling.  The  actions  whioli  we  xe  in  others 
wc  cannot  /eel,  cxoept  as  visual  sensations ;  the  changes 
which  we  feel  in  ourselves  we  cannot  see  in  others,  except 
as  liodily  movements.  The  reaction  of  a  sensory  organ 
is  by  the  physiologist  called  a  sensation,  —  Iwrrowing  tlie 
term  from  tJie  psychologist;  he  explains  it  as  dne  to  the 
stimulus  which  chnn^ei  the  inoleculnT  condition  of  the 
oi^an ;  and  this  changed  condition,  besides  being  seen  to 
he  followed  by  a  muscular  movement,  is  inferred  to  be 
accompanied  by  a  chanRW  of  Feeling.  The  psychologist 
has  direct  knowledge  only  of  the  change  of  Feeling  which 
follows  on  some  other  change ;  he  infers  tliat  it  is  origi- 
nated by  the  action  of  some  external  canse,  and  infers  that 
a  neural  procc^  ]>rccedos,  or  accompanieti,  the  feeling. 
Obviously  there  are  two  distinct  questions  here,  involving 
distinct  methods.    The  pliysiulogist  is  comixilkd  to  com- 
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fiele  ham  ottjecthre  oltn'rtiwii  by  mlgecCiti!  sngnttooa; 
cnnpdUed  to  add  FeeUag  u>  Um-  u-nn*  (rf  Matter  unl 
Matiim,  ui  epic  of  tiie  mdical  divcnnty  of  Hxii  ufocU. 
Tbe  pejcbolagut  alio  i»  compelled  to  complete  bis  snb- 
jeetira  obMrratiou  bf  otgeMiT*  iaUi{n(atieaa,  Kokiag 
i1m> iwtjuiuj  f hangwi  to thfi fty*"" "1  ^^—gp"  Aaomplsto 
Ibeofy  nuuA  banDoaJze  tlte  two  prooedom. 

78.  In  a  etibaeqaest  PioUem  we  sball  haTe  to  axamiat 
the  natura  of  Seinasioa  in  iu  psyi^olo^eal  aqiect;  ben 
we  have  tust  to  ileschbe  iU  pbrBiological  aspecL  Tu  tha 
{■jcbolcigtst.  a  seiuiatioo  it  auDply  a  bet  of  OonaciiMiB- 
aeas ;  be  has  nothing  whatever  to  do  with  the  netuil  pto- 
oeaa,  which  the  phyaiokgist  caosidera  to  be  the  pbysical 
bana  of  this  fact ;  and  be  tbenfore  regants  tbv  phjrsiolo- 
gilts  as  taUtitig  oonsense  wtiea  they  talk  of  "  anooDecious 
aensaiiooa."  tbe  plira^e  lieing  to  Mm  equivalent  to  "luiMt 
feelings."  or  "  invisible  lighL"  It  i^  quite  otherwise  with 
tbe  pbyaiiriagist,  who  viewii^  a  sensation  solely  tu  a  nuu- 
nl  pfx>oe8s.  the  inaction  of  a  sensory  organ,  can  lawfully 
apeak  of  una>D:w:ioui  ttensaliaos,  as  the  pbT»ict»t  can 
apeak  of  invisible  rays  of  light,  —  weaning  tboee  rays 
wbieh  are  of  a  iliffiTcinl  onlcr  of  undulatiuu  from  the  vis> 
ible  rays,  aiMl  wbi«b  may  become  visible  when  tha  sos- 
ceptibility  of  the  retina  ii  exalted.  He  kiiou-K  that  there 
arc  tliflerent  modes,  and  difloreut  complexities  of  nuunil 
process ;  to  onu  class  be  assigns  conaciousness,  to  the 
other  unoonaciousneaa.  If  be  would  be  ntvcivly  prociac, 
l»e  woulil  nevor  Hpcak  of  sensation  at  all,  but  only  of  aeo- 
sory  reaction.  But  such  pn?>cision  would  be  [icdaiitic 
and  idle.  H«  wants  tbe  connotations  of  the  term  sensa- 
tion, and  UtGrefore  uses  it. 

7^.  The  functional  activity  of  a  gland  is  stimnlatvd  by 
a  neural  process  nflectod  from  a  centre;  by  a  similar 
|>n)C«ss  a  muicle  is  called  into  action.  Xo  one  supposes 
that  the  neonl  prooen  is  in  the  one  ca.'tc  secretory,  in  tJie 
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otbor  rootory:  in  both  it  19  the  same  process  in  tliouerve; 
and  our  investigation  of  it  would  be  grently  liampeTcd  if 
wv  did  uul  disvuj^^  it  from  aU  the  sug^i^tioitn  liovuring 
nround  the  ideas  of  secretion  and  niuaciilar  action.  In 
lik<t  manner  ve  mu^i  iliseiiga^u  tlic  neiinil  process  of  a 
sensorjr  reaction  from  all  the  suj^eslioua  Uovering  around 
tlic  idea  of  C'onsciousne^,  when  that  term  designataa  n 
complex  of  many  rvacliumi.  In  Problctii  III  wo  shall 
enter  more  particularly  into  the  distinction  l>etn-een  Sen- 
sibility and  Conscioasoetis;  for  the  present  it  must  suIBm 
to  say  tliat  great  ambiguity  exists  in  thu  current  usage 
of  thvse  t«nn«.  Sometimes  CoDsciou3ne3<i  standa  as  the 
equivalent  of  SensibiliQ' ;  sometimes  as  a  ]>arliculiir 
moiU  of  Sensibility  knonn  aa  Kefleclion,  Attention,  and 
TiiM^ht  The  former  meiining  is  an  extension  of  tho 
term  similar  to  t)iat  gi\'en  to  the  word  Fiose,  which  origi- 
nally meaning  Itiid  eanie  to  he  restricted  to  a  particular 
red  flower ;  and  after  otiicr  flowers  of  the  same  kin<l  were 
cUscovenjd  which  liad  yellow  and  white  petala.  instead  of 
red,  the  term  rose  still  adhered  even  to  these.  "  Vellow 
Rose"  is  therefore  as  groat  a  verbal  solecism  as  uncon- 
acioiis  sensation.  We  have  separated  tlie  redness  from 
Uw  rose,  and  cau  then  8ay  that  the  color  1*  one  thing,  tho 
flower  anotJier.  Uy  a  similar  process  of  abstraction  we 
wparate  Conseiousncss  from  Sensation,  and  we  can  then 
saytlttt  there  are  sensations  without  cc>n»>-iousnes<i.  In 
consequence  of  tiiis,  {eychologists  often  maintain  that  to 
have  a  sensation  and  be  conacioua  of  it  are  two  diflerent 
states.  We  are  said  to  hear  a  sound,  and  yet  not  to  be 
coittcioas  of  hearing  it  Tlio  sound  excites  a  movement, 
Iwt  it  does  not  excite  our  eODSciousness.  Xow  nitliougb 
it  is  true  that  there  arc  roses  which  are  not  red.  it  is  not 
true  that  there  are  roses  which  have  no  color  at  all  Al- 
though it  is  true  that  there  are  sensations  wliich  are  not 
of  the  particular  mode  of  Sensibility  which  psychologista 
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tptOMOj  dnigiiUe  »  CoMdoasiwn,  h  is  sot  tne  that 
then  »«  «eiMitioas  wbidi  an  doC  modss  of  Sensibtli^. 

80.  And  what  is  Seoaifaili^  vbioh.  on  ita  sabjeotm 
side,  is  Scntimoe  I  In  oos  smbb  it  nay  be  siis««red 
that  we  <lo  not  ktmv.  In  anotfaa  sense  it  i&  that  which 
we  know  matt  clttriyatKl  pgotivdy:  S«otiane  fonns  the 
subetaoce  of  all  knowledge.  Being  the  ahiBiat«  oT  knowl- 
edge, every  effort  must  be  nin  wUeh  auenpts  to  explun 
it  bjr  reduction  to  aiin|Jer  «lenMnt&  lite  baman  mind, 
impatient  of  ulticoates,  is  always  BtriviDg  to  pierce  bejtiod 
the  fondamexital  mystenos ;  and  this  impatieiice  leads  to 
the  attempts  xt  oftea  made  to  explain  Seosibility  by  n- 
docitig  it  to  tcnns  of  Matter  and  Motkn.  Bat  inasmuch 
aa  a  clear  aualysia  of  Matter  and  MotioD  ditpWrs  that  ovr 
knowledge  of  theae  is  simpljr  a  knowledge  or  modta  of 
Feeling,  the  reduction  of  Sentience  or  Sen&ibility  u>  Mat- 
t«r  and  Mutiou  is  simply  the  rvttuction  of  Sensibility  to 
some  of  its  modes.  This  point  gained,  a  dear  conception 
of  the  advantages  of  inCrodacing  the  ideas  of  Matter  and 
Motion  will  result  It  will  then  be  the  familiar  and  in- 
dispensable method  of  explaining  the  little  known  by  the 
better  known.  The  objective  aspect  of  things  is  com- 
monly repre^nted  in  the  risible  and  palpable;  becaose 
what  we  can  see  we  can  al»o  generally  touch,  and  what 
we  can  touch  we  can  taste  and  smell ;  but  we  cannot 
touch  an  odor  nor  a  sound ;  wc  cuunnt  j«e  them ;  we  cui 
only  connect  the  odorous  and  sonoroas  objects  with  ris- 
ible or  palpable  conditions.  Everywhere  wc  find  sensa* 
tions  rtferrcd  to  visible  or  palpable  caa$es ;  and  hence  the 
desire  to  find  this  objective  basis  for  every  change  in  Sen- 
sibility. The  sensation,  or  state  of  consciousness,  is  the 
nllimate  fact ;  we  can  only  explain  it  by  describing  its 
olijectivc  conditions. 

61.  Tha<t  much  on  the  philosophical  side.  Ketuming 
to  our  physiological  point,  we  must  say  Uiat  a  sensation 
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is,  objcctivoly,  the  riMction  of  a  sensory  otgut,  or  oi:giui- 
isin  ;  subjectively,  a  change  of  feeling.  Objectively  it  is 
a  pheuouietiou  of  ntovcnieiit,  but  dUtingtiiiibublu  from 
other  phenomena  by  tbc  specinUty  of  it«  couditions.  It 
is  a  vital  jihenoiiicnon,  uot  a  purely  meclinnical  jitienom- 
enott.  Although  the  mok-cular  luoveiiicnt  conforms,  of 
oonrae,  to  mechanical  principles,  and  may  be  viewed  ab- 
BtncCl^  as  a  ]mr(;1y  mt^i'liunical  ivsiill.  yet,  becmtfle  it 
takes  place  under  condition*)  never  found  in  )iiachin«s,  it 
has  charactvre  whicli  niarfcodly  wpanitc  itTrom  the  move- 
menta  of  machines.  Among  thejie  dilTerential  characters 
may  be  cited  that  of  stiediec  adaptation^  which  ts  most 
conspicuous  in  volition. 

82.  In  the  early  stages  of  animal  evolution  there  is 
no  differcutiatiou  into  muscle  and  nerve.  Th«  wliole 
oi^nism  is  equally  seuBitive  (or  irritable)  iu  every  part. 
Muscles  appear,  and  then  they  are  the  most  seiisitiro 

*  Ry  Ml«CtivR  MlnptntLoii  U  mcxiit  l)i?  varying  combiuition  of  molor 
impultM  to  luit  the  vnryiDg  reqiilrPincnU  of  ihc  rOi-t\  t»  Xf  ynrXwvA. 
Pbjmfttl  nuchaiitanii  are  liinitnl  to  tlio  jierfonniLiicu  of  dufiuilc  nciiiint; 
wniltin:  mvchuiiiBiiiii  «uip1uy  (lucluuting  cuiiiliiiiuliuui  of  (-iFrni'iiU  in 
mponsc  to  fluctuation*  of  ttlmuli.  The  wliri'la,  IcTorn,  •[lrll>Jt^  uiil 
talvra  or  A  Diochinn  ittniiot  be  diHerrntly  comliinal  according  to  varying 
ikgrrci  of  llic  motor-forcr,  ta  tlic  nervi-s  nnil  iiiubcIvb  of  tn  organium  are 
■ItftnniJy  conibini^rl  by  Tirying  MTiDintloiih.  An  aiiliiraalan  may  Iw  con* 
•tnctxl  to  piay  on  ihi:  violin,  but  it  will  only  pUy  iho  nii  tn  which  It  b 
mt;  ft  ouuiot  vary  the  pcrfonnaticp,  —  cannot  |>Uy  a  fuli*  nolp,  or  throw 
in  •  rracmdo  hew,  a  laryo  thvre,  Noconliiig  to  ■  cujirivf  uf  fveling,  Vfe 
most  admit  tbut  a  vinlinist  lins  )iU  di^livatc  and  chang<n|(  movi-mcnt* 
ffM^A  by  it>'n>ui11unii,  iitdltiir}'  iind  iniiM^iilnri  iiny  intranijillan  in  tho 
•MiMtiona  noidd  urreit  the  movcnx-nti,  which  iu  truth  iimrfianis  thrai. 
Ad<1  ji-t  it  i«  well  knoiin  thni  tlw  •iolinisl  nwy  imrfomi  »hil«  <.'[)ni|itcti'ly 
"uncuiwiima."  [  i!<j  itcit  iiimj>ly  ivd'r  la  tlm  fuel  that  hli  thaiighti  and 
allfnlliin  mny  be  cluwhcri!:  I  n-fi-r  to  inicli  fucit  at  nrv  ny^urdi^J  in 
Pathology.  Tiu^L'SKK.ti'.  fur  pxainjil^,  liail  an  rj>ili.'{itic  jiHliunt  who  wm 
nrnyjonolly  wiu"!  wilh  tltu^^k*  uf  foiuiilstc  iinoanBcinuancMi  while  hn  wax 
pnfonnlng  In  the  orrhcatn;  yet,  on  reawakening  to  conicloiuncn,  he 
found  that  ho  had  contioocd  to  play,  had  kept  proper  time,  *nd  played 
the  proper  nolo. 
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IMuU.  Nerves  &[q>eAr,  and  tbe  scst  of  Sctnibilit;  has 
been  tmusfcrrot)  to  Uieni ;  not  that  the  musclea  have  lost 
tlieirs,  bat  ibeir  irriubility  is  now  represeiitwl  by  their 
domiiianl  citarwter  of  Contractility,  and  tlui  nerves  have 
taken  on  the  special  oflicc  of  Seiuibilily.  That  13  to  say, 
wtiilc  both  muscle  and  necve  form  intc<;nd  vlemeuts  of 
the  sensitive  mctiou,  the  process  itself  is  analytically 
oonoeivt^l  as  a  coinbination  of  two  distinct  properties, 
residetit  in  two  distin<4  tissues. 

83.  Carrying  further  this  aaalytical  orlirice.  I  propose 
to  distinguish  tli«  central  otgans  as  the  seal  of  Sensibility, 
confining  Neorili^  to  the  pcripbcral  nerves.  In  physio- 
logical reality  both  systems,  central  and  peripheral,  are 
one;  tb«  scparatiou  is  aitificiaL  Strictly  spi-akiug,  there- 
fata,  Xenrility  —  or  nerve^ction  —  is  the  general  prop* 
crty  of  ner^-c-ti«;iuc  ci^ntrsl  and  peripheral.  But  sinoe 
Xeurility  may  be  manifested  by  nerves  apart  from  cen- 
tres, whcnias  Sensibility  demands  the  co-operation  of 
both,  and  since  we  have  often  to  onnaider  t)ie  central 
process  iu  ilsi'lf.  withuut  attending  to  the  process  in  the 
nerves,  it  is  well  to  have  two  characteristic  terms.  I 
shall  thervforc  always  u.««  tlw  term  Sensibility  for  the 
reactions  of  the  nen'ous  centres, — f^entience  being  its 
psychological  equivalent;  although  tho  reader  will  ud- 
dcTstand  lliat  in  point  of  fact  there  is  00  break,  nor 
transfoiTnation,  as  the  wave  of  change  p«9MS  from  aen- 
sory  nen-e  to  centre,  and  from  centre  to  motor  nerve: 
there  is  one  continuous  process  of  cltange.  Itut  just  as 
u'e  aiialylicully  distinguish  tbe  aeBSOrj'  from  the  motor 
clement  of  thi»  indisAoliible  process,  so  we  may  distin- 
guish the  in^>ing  aiwl  outgoing  stages  from  the  conAininff 
stage.  St^nsibility,  then,  represents  the  property  of  com- 
bining nnd  grouping  sUmalations. 

84.  Fully  nware  of  the  misleading  connotations  of  the 
term,  and  of  tlie  difficulty  which  will  be  felt  in  disen- 
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gaging  it  from  tlieae,  especially  in  rererence  to  Conscious- 
iiu*<,  I  liavc  long  lii-silftUii  IjefDiv  adopting  IL  Uiit  tli« 
advuuUgcA  greutly  oulwei<{Li  the  ilisailvaiiUg«s.  Sensi- 
bility has  lung  been  admitted  to  express  tlie  peculiar 
mvdvfl  of  TL-aclion  in  plants  and  uuinmls  low  dowu  in  the 
scale.  No  one  hesitates  to  spesk  of  a  stiiiaitive  [ilaut,  or 
a  sen^tivu  »iirfiu.'e.  The  tentoulus  or  u  pulype  ctro  said  to 
be  aensilivo ;  lliougli  probably  no  one  thereby  means  tliat 
Ihc  polyjw  has  wliat  p-sycliologists  mean  by  Consc-iutisDcss. 
By  employing  tbe  general  term  Sensibility  to  designate 
the  whole  range  of  Tcactions  peculiar  to  the  iierve-ceutrM, 
when  these  special  organs  exi»t,  it  will  be  possible  to  in- 
terpret h11  (lie  physiological  and  psycltological  piicnomcua 
observed  in  animals  and  men  on  one  unifomi  method. 
Tho  observed  variotiona  will  then  Im)  rcrt-rublv  to  variutii^ 


85,  Suppose,  for  illustration,  an  onanism  like  tlie  hu- 
man except  that  it  is  wholly  dutioiuriL  in  Siglit,  Hearing, 
Twtte,  and  SaitiU.  It  has  no  leom  but  Touch  —  or  the 
general  reaction  under  eoriiact  with  external  objects.  It 
will  move  on  being  stimulated,  und  will  combine  its 
movements  difl'erentiy  under  dilTerent  stimulations.  It 
will  feci,  and  logically  tonihinc  its  ft'ding^  Hut  its 
mass  of  feeling  will  be  made  of  far  simpler  elements  than 
ourt;  its  combinations  fewer;  und  the  coiil<.-[its  of  its 
Consciousness  so  very  different  from  ours  that  we  are 
unable  Ut  conceive  what  it  will  be  like ;  we  can  only  be 
SUPO  that  it  will  n-of  bo  very  like  our  own.  This  trun- 
cated organism  will  have  it-i  Kensibilily;  and  wo  must 
assign  this  property  to  its  central  nurvc-lissiio,  as  we  as- 
sign our  own.  If  now  we  descend  lower,  and  suppose  an 
organism  with  no  cvntrv«  whatever,  but  wliicli  nttverthe- 
loss  displays  evidence  of  Sensibility  ^  feelings  and  oon- 
bioations  of  movements  —  we  must  then  conclude  that 
tJie   jaoperty  specialized   in  a   particular  ti^ue  of  tlie 
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highly  (lifrerentinted  organism  is  Iierv  difTuscd  tlirougli- 
out. 

It  is  obvioiLs  that  the  sensations  or  feelings  or  those 
supposed  orgtiriistiis  will  hsvc  a  coinmou  character  witit 
the  fcelinf;s  of  more  highly  dili'erentialed  ui'gniiistiis,  al- 
though the  iiiodw  of  iiiaDilVstutioii  urc  so  various.  If  we 
recoguizc  a  common  chnmcter  in  muscular  movements 
so  various  as  the  rhythmic  ptilsatioii  of  the  heart,  the 
lai-ger  rhythm  of  inspiration  and  expiration,  the  resllcas 
movements  of  Uie  eye  and  tongue,  llie  complexities  of 
nianipulaltou,  the  consensus  of  movements  in  flying, 
swimming,  walking,  speaking,  singiii)^,  etc.,  so  may  we 
recognize  n  common  cliaractcr  in  all  the  varieties  of  sen- 
sation. The  special  cliaranUrr  of  a  movement  depends 
on  the  moving  organ.  Tlic  special  chmitcter  of  a  sen- 
sation depends  on  the  sensory  organ.  Contractility  is 
the  abstract  term  which  expresses  nil  possible  varieties 
of  contraction.  Sensibility  — or  Sentience  —  is  the  ab- 
stract term  which  expresses  all  jiosAiblc  varieties  of  sen* 
aation. 

86.  Tlic  view  here  propounded  may  find  a  more  reedy 
acceptance  when  its  ajiplication  to  all  physiological  ques- 
tions has  been  tesl<.'d,  and  it  is  seen  to  give  coherenoo  to 
many  scattered  and  hitherto  irreconcilable  facts.  Mean- 
while let  a  glance  bo  taken  at  the  inconsistencies  of  the 
current  doctrine.  That  doctrine  declares  one  half  of  the 
gray  tubstnnce  of  the  spinal  cord  to  be  capable  only  of 
rectiring  a  sensitive  stimulation,  the  other  half  vajiablu 
only  of  ori(jinatint}  a  motor  stimulation.  We  might  with 
equal  iirojiriety  declare  that  one  half  of  a  nniscle  is  ca- 
pable only  of  receiving  a  contractile  stimulation,  and  the 
other  half  of  contracting.  The  ingoing  norve,  passing 
from  the  surface  to  the  posf«rior  part  of  the  spinal  cord, 
excites  the  activity  of  the  gray  substance  into  which  it 
penetrates ;  witli  the  anterior  jiart  of  this  gray  sub$Umoc 
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an  outgDisg  nerve  is  connected,  and  tbrou<;b  it  tke  exci- 
tation is  propagated  to  a  niuacle :  contraction  r&stilta. 
Such  arc  tbc  facts.  Iii  uur  analysis  wc  scpanktc  tlic  scn- 
stay  from  tbe  motor  aspect,  and  we  then  imagine  that 
Uiis  ideal  distinction  represeDta  a  rtral  scjiaiutioii.  We 
suppose  a  phenomenon  of  Sensibility  independent  of  a 
phenomenon  of  Contractility  —  Ruppone  tbe  one  to  be 
"  transformed "  into  the  other  —  and  wc  then  marvel 
*  how  during  thLj  pa&sage  the  excitation  chaogea  Its 
nature."  * 

87.  liefore  exerting  ingenuity  in  explaining  a  fact,  it 
is  always  widl  to  make  sure  that  the  fact  itself  is  cor- 
rectly stated.  Does  tbe  ncunil  excitation  cbangu  it« 
nature  in  passing  from  the  posterior  to  the  anterior  gray 
substance?  I  can  see  no  evidence  of  it  Indeed  the 
statement  seems  to  confound  a  neural  process  with  a 
muscular  process.  The  neural  process  is  one  continuous 
eicitation  along  the  whole  line  of  ingoing  nerve,  centre, 
and  outgoing  nervo,  which  nowhere  ceases  or  changes 
into  another  procea-i,  until  the  excitation  of  tlie  muscle 
introduces  a  new  fiiclor.  So  long  as  the  excitation  keeps 
within  the  nerve-tisaue,  it  is  one  and  the  same  process 
of  change;  its  isjuo  in  a  contraction,  a  secri'tion,  or  a 
change  in  tbe  conditions  of  consciousness,  depends  on 
the  organs  it  stinnihtes. 

88.  I  have  already  uilled  attention  to  the  artificial 
nature  of  all  our  distinctions,  and  Uio  necessity  of  such 
artifices.    Tlicy  are  products  of  timt 

"Sccondafy  powrr 
Bj  which  we  muUiply  iliMiiiclious,  thm 
XUtta  thit  our  [lUiiy  tu>iiiii)Atifii  mv  Ihinji* 
That  WR  itcrDTlvr.  »><1  not  that  ve  have  made"  t 

Tbe  distinction  of  Ccntrnl  and  Feripheml  systems  is  not 


•  CiJiimB  ItKiiNARn,  Sijtlime  AVrwitr,  1865,  I.  $J9. 
t  WOKIMWOIITH,  I'hs  PrtluiU. 
10" 
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sinipljr  •iinUiintcal,  it  lias  a  phyxiolo^cal  justiflaition  in 
this,  that  tti«  Cviitrul  System  is  Uic  ofgnn  of  conui-ction. 
Any  one  part  of  it  directly  excited  by  sq  Jogoiog  nerve 
propo^tcs  tlint  excitation  thmuj^hout  the  vhol«  central 
miiss,  and  thus  nfTfctd  c^'('ry  port  of  the  orgunism.  There- 
fore we  place  Sensibility  in  it. 

But  this  gcnvmt  l*rvperty  subsen'cs  various  Functions, 
according  as  the  Central  System  is  variously  nslatod  to 
diU'ereut  ort^ns.  Tltiit  fact  has  given  rise  to  tlie  ideft  that 
diHerent  portions  of  the  cerebro-epioal  axis  hav«  different 
properties  —  which  is  a  serious  error.  What  Li  certain  is 
tJiat  the  C'erebriim  must  hav«  a  ditfvrent  I'unctiou  from 
tliat  of  the  Thalaini,  and  the  ('ereltelium  one  different 
from  the  Medtdlu  Oblun^ta ;  wliile  that  of  the  Ikfvdullii 
Spinalis  ia  dillerent  froiii  all.  I'recisely  on  the  some 
grounds  that  a  inuscle-iier\'e  has  a  different  otfice  from  a 
skin-nerve,  or  the  pneumoKHstric  from  the  acou-ttic.  Hut 
all  nerves  have  one  Neurility  in  common;  all  oentree 
have  one  Sensibility  in  common. 


^ 
^ 


CHAPTEK   V. 


AonoH  wrruotrr  nkrve-cektaes. 


89.  It  hiM  long  been  one  of  the  unquestinned  postu- 
lates of  Physiology  iLat  no  iicrve-action  can  tnke  place 
witliDUl  ihv  inWrvL'ntiun  of  ii  centre ;  an<l  aa  a  corollaiy, 
tlial  all  movement  has  its  impuUe — reflex  or  voliliunal 
— from  a  iM-ntrw."  Tlio  pii^tulute  rtsis  on  the  asaumption 
that  nervcH  derive  tlieir  "  force  "  from  their  centre^  This 
aisamptioR  we  liave  seen  to  be  «ri-oneou«.  Yi-t,  in  con- 
sequenoe  of  its  aweptunce,  experimenter  liave  failed  to 
DOtJeo  tlie  many  exaniplee  of  ncrvo-action  independent 
of  centres.  Indued,  except  Schiff,  GoMz,  and  Kng«lniaun, 
I  can  nxmo  no  one  who  lias  venturud  to  sii^L-st  that 
movements  m.ay  be  excited  through  nerves  witliout  the 
oo-oi>cmtion  uf  centres ;+  nor  liave  even  they  exjiUcitly 
formulated  the  conclusion  to  which  their  obHervations 
point 

It  is  true  lliat  the  majority  of  muscular  movenitnts  are 
d«tenuin«d  by  a  refl«x  from  centres ;  and  that  any  break 

■  •■  On  pcut  diro  quo  loiijrtiin  un  plivimnifnc  lic  monrcnuMit  trtonnaii 
ponr  point  Av  il<<i>iirt  iiim  imiiiTuion  trnaitivp."  —  CutCIiB  BeRMARb, 
I.  3S7. 

t  Since  tJii*  wu  written  Pmt.  Hichaei.  Foster  and  Mr.  Dkw  iOiiTK 
IwiTi)  puliltiihrd  thi-ir  vtry  imporUnt  rrtrnrchcs  on  tlii^  tnolionn  of  the 
hrart,  wliicl;  c.iuVilUh  btyond  ■  doabt  llml,  in  the  mollusc*  ut  li«M, 
Ul«rTv  1>  nn  «>  opnnllon  of  either  wntir  cir  nKr*»,  —Pnerfdingt  tf  Out 
Jbyd/  Soevly,  ISth  Jl^rrli,  1S7S.  (Sm  iiUn  /UvditM  from  Ihi  fhytMogU 
aU  Laivnlirrst/  (innbridgi.  Put  II..  tH'S.)  Mr.  Ftuitcrktiawi  that  I 
k*d  tadtfimdvnltjri  Bnil  ftxim  a  totally  ilitr<-iviit  lins  of  irtFarch,  arrixnl 
■t  ilw  Mme  oonoIiudoD  mpeclitrs  Ilia  hrart'H  mqvatnmt 
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in  the  triple  [iroce&s  of  the  in^iii;;  nerve,  coitrv,  ftnd 
outgoing  iiurve,  prevents  siicli  nio^cDicuta.  It  is  tnie 
that  the  moro  conspicuaus  and  harmoniously  oo>oriUnat«<l 
phenomena  Iielon^  to  this  clus».  But  it  is  also  ik-inoD- 
Tttmblc  that  niauy  ucrvo-actions  wi«y,  and  some  do,  take 
place  by  direct  stimulation  or  the  nerve,  or  direct  »timu- 
intiou  of  the  inusclt-,  without  the  intervention  of  u  centre, 
without  even  the  intervention  of  a  ganglion.  Tliia  must 
obviously  be  the  casu  in  animals  which  have  no  trcnttes; 
snd  even  in  Bomo  which  have  wvll-doveloped  nervous 
centres,  there  is  every  reason  to  believe  that  these  ceo- 
trc8  often  act  rather  in  the  way  of  co-onUautiug  lliau  of 
directly  stimulating  actions. 

90.  I  was  first  led  to  doubt  tbc  reigiiing  doctnne  by  u 
aurprising  observation  (frequently  rej)cat«d)  after  I  had 
removed  the  whole  uorvous  centres  from  n  garden  snail 
(Ifdie  pomatia).  Tlie  muscular  mass  called  "  the  foot " 
was  tlii'own  into  slow  hut  energetic  eontraetion  whenever 
Uie  skin  was  pricked  willi  the  point  of  a  scalpel,  or  touched 
with  aciii ;  nay,  even  when  a  glass  rod  dipjK'd  iu  tlic  aci<t 
was  brought  close  to,  without  absolutely  touching,  the 
skin,  the  foot  curled  up,  and  then  slowly  relaxed.  The 
same  t'ffect  wasprmluced  on  the  "mantle"  —  where  there 
was  of  course  no  centre,  llut  direct  Irritation  of  the  mua- 
cles  under  the  skin  produced  no  such  contraction ;  cmly 
through  tlie  skin  could  the  stimulation  take  effect.  In 
one  case  1  "hseived  this  strange  phenomenon  live  hours 
after  removal  of  the  centres.  It  was  a  great  puzzle.  At 
first  I  concluded  tliat  there  mti^t  be  minute  ganglia  in 
tbc  skin,  serving  as  reflex-centres.  I  scarehed  for  them 
in  vain ;  and  although  a  longer  search  on  better  methods 
might  posgibly  have  detected  ganglionic  cells,  I  soon  re- 
linquished the  search,  because  I  had  otbcr  grounds  for 
believing  that  e»'en  the  ]^^esence  of  abundant  ganglia 
would  not  suffice,  until  some  better  proof  were  offoided 
that  such  ganglia  were  reflex-centres. 
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9L  Tliat  direct  stimulatioo  of  the  iicrvc  sufliccs  to 
move  the  iuiiccIgs,  is  familiar  to  all  expcrimentere.  1'here 
U  no  centre,  or  gaDgUon,  io  the  aniputalcd  le;^  of  llio  fi'Og, 
wliicti  ncvertiuilcss  coiitmcts  wlicui^vcr  the  sciatic  nerve 
is  atimutated.  And  after  the  nerve  haa  been  exhausted, 
lUld  refuse*  to  t\-^pi)ti(l  to  auy  stininUiK,  the  inuKcle  itsL'lf 
may  be  directly  stimulated,  limsmuch  ae  tlie  movement 
depends  on  ttie  contractility  of  tlie  niui%cles,  a  stimnlatioD 
tlirough  ccntn.',  ttiroui^h  luotor-uei-vc.  or  through  muscle, 
will  be  followed  by  couinurtion.  Let  us  take  a  clear  case 
of  roflex  action.  The  pujiil  of  the  uye  contmcta  wlit-n  a. 
beam  of  light  falls  on  it,  aud  dilates  when  the  beam  is 
»hut  off.  The  pnili  of  the  niiural  process  is  normally  thi« : 
the  light  stimulutvs  the  optic  ucrve.  which  in  tun;  stimu- 
lates the  corpora  quadrigemina ;  (here  the  nerves  whidi 
move  the  cyo  are  cxpertmeuudly  proved  lo  be  stimulated^ 
and  it  is  tlirough  tliese  that  the  pupil  is  caused  to  con- 
tract. If  the  optic  nerve  be  divided,  no  such  i«flex  takes 
place  —  proving  that  tho  coutnictiou  ducH  nol>  at  Icust 
norroatly,  come  from  the  ciliary  ganglion. 

But  now  it  is  matter  of  observation  that  the  pupil  will 
contract  and  dilate  under  tlto  stimuli  of  light  nnd  dark- 
ness, when  there  is  no  such  reflex  pathway  open.  Re- 
moval of  the  eye  from  the  body  obliterates  this  path,  cuts 
the  eye  off  from  all  connection  with  the  centre.  Brown 
Sdqoanl  removed  both  eyes  from  a  frog,  placed  one  in  s 
dark  box,  and  left  the  other  exposed  to  the  light :  the 
pupil  of  the  former  was  found  dilated,  that  of  the  lattiir 
contracted.  On  reversing  the  experiment,  and  placing 
the  eye  with  contmeted  pupil  in  the  dark  l)(>x,  he  found  it 
there  dilate,  while  the  dilated  pupil  exposed  to  the  light 
oontntcted."     In  frogs  with  very  irritable  tissues,  I  have 

•  Conftu  SeiutuM  <U  la  S<Ki*U  tU  Bictejit,  1S17.  I.  40.  In  1SSS  he 
•liiMrnI  that  not  onlj  woic  the  mjuK^et  at  the  iri«  dirertty  ■(iinuUUil  hj 
Ugbt  i/tni  tlii*  not  by  ita  nlorifu  or  chcmica)  rayi\  but  tlut  liztMn  day* 
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founit  not  only  tlic  pupil  conlractiiig,  after  tbo  whole 
rranial  cavity  Ita^  hecu  emptied,  but  even  tbe  eyelid 
close,  oil  irrilaling  tlie  conjunctiva  •  —  yd  tliis  is  one 
of  the  typical  retlex  actions !  I  am  UispoBctl  to  tlnnk 
that  «veit  the  action  of  swallowing  may  be  faintly  excited 
liy  Ktirnulution  of  llie  plmrynx  of  u  braitdcss  froi; ;  but  I 
have  not  obeervaliona  aufiiciently  jirecise  to  ennblii  me  to 
spcuk  couftdeutly.  Goltx  has,  bowwer,  Hbowii  tbnl  after 
removal  of  brdn  and  spinal  card  and  heart,  there  is  spon- 
taiienu«  and  active  moveMiciit  in  u'sophagus  and  stom- 
ach.+  This  will  no  doubt  be  referred  to  the  agency  of 
tlie  ganglionic  plexns;  hut  similar  nioventents  have  been 
observed  by  Bn(,'C-lmauu  in  the  ureter,  and  iu  isulatod 

alter  trmoral  ot  the  eye  Iroia  llio  orbit,  Ibii  rfTect  wm  nbvrvibU  in  lh« 
eel.  y*l  a  rriy  tew  iloj»  ■ftrr  citiqution  of  the  rye  tlii;  nctvts  an  dii- 
intOKrut«(l.  —  ProcettHHi/t  i>/tht  tiof/al  Sttirfj.  1850,  p.  SSi. 

DOKDKM  tiM  111*  fullowilig  obwrrationii :  "  Tlie  niuvFitivula  of  \\\r  iri* 
arc  of  tvo  kindi  —  rcflox  niiI  volunlat}'.  RdIrK  action  i«  *xli>hlt«<l  h 
tuiutriclioii  ot  llip  pii{>il  ill  coiiHiiiicntc  of  Ihi  ■titDQlm  of  incident  light 
iijKjii  tl^<<  rrtiijii.  Ktiiiiaun  lim  tliotin  tliat  llie  liglil  falling  upon  tlic  iria 
|in>i)uri-«  no  iinijirli.iil.Ui  •■oninii-l  ion,  W»  Imvn  rcnifiriRn]  ililn  imill  by 
cttnuinfC  the  IniagR  of  a  imall  iliitniil  lifjlil  to  frvll,  liy  mciuia  of  n  moivx 
!en),  iipnn  the  iiis.  wbrrcby,  during  itigbt  [vrci-[)tioii  of  light.  »  iloubtftal 
contTwrtion  oct-urmi.  ulii<:li  ^v<  nay  tu  n  ttning  cuntiti'tiun  m  sooa  u 
the  light  cnlcrinit  Ilii'  I'lif-ll  «dli-il  ii  viviil  iwrrccption.  NrvrrlhaUn,  lb* 
*xpt^impiiU  of  Iluili'Mi  nnd  Ihiilgc  hurc  ihown  that  even  after  death,  ao 
loiiR  M  irritRbllily  n-inaini,  the  |>u|<i]  alill  ccmttaetB  u\'Ou  the  eontimitd 
action  of  liRht.  or  ihr  rotnclneu  uf  llii*  uv  Iirtp  wliBtiuI  oundTO. 
Iu  n  dog  Hiiol  by  Iwa  of  bliioil  tin-  ciiu  iiy-  w«»  donril,  tin'  i.llier  (i|imnl 
and  tiinifil  Iu  iliv  ]ii;)it  ;  ufti-r  the  kpu  of  an  hour,  the  pnpil  of  ih* 
tjpfndl  i-yo  wna  jiercrptiWy  imalln  ihnn  that  of  Ih*  tiatnX  tje.  Thv  Ut> 
U-T  now  rrmaJDed  aW  exposed  t"  llie  tight,  Uld  on  th»  fotlnwinK  diy  Ih* 
•linnii'trr  of  both  ryvi  vim  I'niinl,  Tlw  \i\iptT  jaw,  alone  "-idi  ibe  cyei, 
HKa  luVen  nut  of  nonm  fniRt :  one  eye  wai  r3:|iDicd  to  th"  liKhl,  "hile  the 
other  waa  covered  with  a  dmely  folded  |>iecv  of  )'U<'k  ^aprr :  aflvr 
ihu  Ujw  of  hntr  an  li'iiir  llic  )iii[ii1  tiimrd  to  111'  llfjit  vui  inrrow,  the 
otbiT  widp.  Iliit  llir  lollfr  bImi  roTitlaclrJ  slnio»t  immniintely  after  the 
rvmoval  of  the  pD]>rr." —  1>riMiKUti,  On  tlit  Anamalia  ef  ytfamnftitalwn 
■tvit  lii/nuriim  "//In;  Ki/r.     TrMit.  of  ihn  Ni^w  %(lenh*iu  Soclaly,  p.  C79> 

*  The  Mpcriiiit'iit  attru  fnil^  biit  I  luii'c  Men  it  EeremI  tines  suoc««d. 

t  Pfiliger't  Arrhn.  lS7a.  p.  618. 
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fiagmenU  of  tlie  ureter  in  wliich  not  a  ganglionic  cell 
waa  present." 

92.  Tbiil  Dvrves  arc  stimtilated  by  iut«riinl  cbsngcs 
lias  long  Imen  recognized  with  reference  to  "subjective 
sensations."  Tlie  divided  nerve,  in  that  portion  which 
reaiains  connected  with  tlio  ceiiiix;.  will  at  linics  CAUse 
great  pain.  0)>sctire  organic  conditions,  changes  of  tem- 
[)cralun>,  states  of  the  bloud,  excit«  tlie  n«rve9,  and  the 
patient  feels  as  if  llie  surface  of  the  ampututed  limb  were 
irriUiUtL  It  is  all  very  well  to  call  these  "subjective 
sensations";  that  does  not  alter  Um  fact  of  the  uervc 
being  called  into  activity  by  other  than  the  nonnal  stim- 
tdi  from  the  surface ;  iu  liko  manner  muscular  move- 
ments (which  are  not  to  be  explained  as  "subjective 
movements")  will  bo  excited  by  or^nic  atirauli  when 
motor-nerves  are  separated  from  their  centres.  In  each 
etse  it  lias  Gufficed  that  the  ncr\'e  shoidd  bu  i-xcitcd ;  and 
when  excited,  no  matter  by  what  means,  the  effect  is 
ntways  similar. 

93.  Here  are  a  few  facts.  Stimulation  of  the  nerves 
which  send  filaineiita  to  the  chroniatopbores  of  the  skin 
in  reptilts  causes  the  skin  to  become  paler,  and  even 
Golorle.ts :  the  oolor-specks  dtHappcar  under  tlii.t  contract 
tile  stimulus.  This  being  known,  Goltz  deprived  a  frog 
of  bruin,  spinal  cord,  and  heart,  thus  eliminating  all  poasi' 
ble  inlluence  from  them,  slit  up  the  skin  of  ihu  back,  and 
displayed  the  nerves  which  pass  from  each  side  of  the 
spine  to  the  skin;  these  nerves  lie  then  dividt-d  on  the 
right  side,  Mid  observed  the  skin  on  this  side  slowly 
become  paler  and  paler,  till  finally  it  was  as  yellow  as 
wax;  tlie  left  side,  having  its  nerx-os  intuct,  retained  ita 
color.  Two  conclusions  seemed  to  him  warranted  by  this 
experiment :  First,  that  even  iu  the  dead  frog  the  nerves 
scpMnttcd  from  their  centre  were  still  active ;  secondly, 

•  S»ii  Iii»  RnmnliM  in  PflU'jrri  Arthtv,  Bdc.  U.  ftuiJ  IV. 
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that  the  irritation  of  the  nerves  resulting  from  tbeir  aec- 
tion  was  tliu  cause  of  the  color-8peck»  ili.'^aiiix^nng.  This 
second  conclusion  was  strenstliencd  wlien  he  found  that 
tJie  initatiou  was  increased  when  lie  cut  Uie  nerves  bit  by 
bit 

It  is  not  at  present,  I  believe,  clearly  made  ont  that  the 
color-specks  of  iho  C'ephulupoda  art;  in  diipct  couni-ction 
with  nerves ;  but  it  is  tolerably  certain  that  they  are  in 
some  way  under  the  inHtience  of  nenous  stimulation, 
directly  or  indirectly.  D'Orbigiiy.  indeed,  goe-^  so  for  ai 
to  say  tliey  are  dependent  on  tlie  will  of  the  animal* 
This  scL'um  very  lux  language ;  but  restricting  ourselvec 
to  the  fagl  of  nervous  infiuence,  the  exj^enmenta  of  Qolti 
receive  further  illustration  in  an  obseni'Btion  I  bavc  else- 
where re(:onled.f  I  found  that  a  atrip  of  skin  taken 
from  tile  (Uud  body  of  a  calauiary  (Loliffo)  showed  the 
eolor-apt>i^ks  expanding  and  contracting  with  vigor. 

94.  The  heart  ia  well  known  to  beat  after  death,  if 
death  he  not  the  result  of  a  giudiial  decay.  8onietii»c«, 
indeed,  ita  muscular  irritabUity  is  bo  active  lliat  the  heait 
will  bent  for  hours.  E.  Ronssean  observed  it  heating  in 
B  woman  twenty-seven  hours  after  she  had  licen  giullo- 
tined.  }  Not  only  will  it  beat  after  death,  but  in  many 
animals  even  after  removal  from  the  I>ody:  the  heart  of  « 
young  puppy,  or  kitten,  wUl  beat  for  three  or  four  boors 
after  its  reniovni ;  that  of  a  full-grown  dog,  or  cat,  not  one 
hour ;  whcTcoa  the  beating  of  that  of  a  tortoise,  or  a  frog, 
will,  under  I'roper  precautions,  be  preserved  for  days  — 
and  even  after  it  bos  stopped,  it  may  be  stimulated  to 
fresh  pulsations. 

Phyifiologists  explain  tliis  spontaneous  movement  of 
the  heart  aa  due  to  the  ganglia  in  its  substance.    This 

•  D'OitBliiNT.  Drt  Mvllfuqtut  ViratUtet/imii*,  p.  113. 

t  Sauide  .'^udiet,  2,1  cd.,  p.  101. 

S  Citud  by  BiiowM  StQUAlU^  Jounal  At  la  I*stieiagit,  ISM.  p.  959. 
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expltDAtiou,  wbicli  is  founded  on  wbat  I  cannot  but  re- 
sard  as  a  purely  ituajjiimry  view  of  tbe  fuuctious  of  gao- 
^Uonic  cells,  muat  stand  or  fall  with  that  hypothesis.  A 
long  ant]  arduous  iiiv«sti<rnlion  has  led  uic  to  doubt 
whether  in  Ezn^  case  the  heart's  movemetils  aro  primarily 
due  to  its  ganglia;  at  uU  cvvnt^.  tlie  sauto  spouldueous 
iDovemeot^  sre  observed  in  tbo  liearts  of  molluscs  and 
cruittiicean.4,  which  are  witliout  even  a  tmce  of  yan^Ha ; 
and  in  Ihv  htiiit-s  of  nioninialiaii  embryos  long  hefure 
ganglia  or  nerxe-libres  mske  their  nppoantnca  Not  leAS 
ceitidu  is  it  lliat  ntovunii.'iits  of  contmclion  and  <]ilstHtion 
aie  produoed  in  the  lilood-veflfeU  indejiendently  of  all 
central  infltien<H^  This  htis  been  decisively  proved  by 
the  Italian  ph>-siolo-;iat,  &f  uiso,  when  experimentiog  on  ait 
organ  isolated  ftoni  thu  oi)>aiiisiu ;  und  although  the  ves- 
sels have  Uieir  nerve  cells  and  fibres,  he  justly  doubts 
wbotlKT  it  18  to  these  that  the  stimulation  is  dito,  l>ccau8e 
the  phenomena  are  observed  after  the  nervous  vitality  has 
diaappeared.  Goltx  severed  all  the  tissues  in  the  Icj^  of  a 
rabbit,  so  that  the  only  connection  of  the  leg  with  the 
rest  of  the  ImxIv  was  through  the  orurul  vein  and  artery, 
which  ku{)t  up  the  circulation ;  yet  although  tlio  nerves 
of  the  skin  vere  thus  separated  from  their  centre,  so  that 
no  senmtjon  could  be  produced  by  stimulating  the  skin 
of  the  leg,  consequpntly  no  n-lli^x  from  the  centre  on  the 
vessels,  Ooltz  found  that  a  marked  reddening  of  the  skin 
from  congestion  of  the  capilhiries  fullowed  the  application 
of  miistanl  to  the  skin.  Physiologisls  who  believe  that 
the  ooDStriction  and  dilntjitiou  of  blootl'Ves^ela  are  due  to 
tlie  action  of  the  ganglionic  colls  distriliuteil  over  the 
walls  of  tlie  vessels  will  explain  Uoltz's  obsen-ation  as  a 
case  of  reflex  action  ;  but  those  who  agree  with  nie  that 
sach  an  hypothesis  respecting  the  pait  played  by  the  cells 
is  nntenable,  will  class  the  observation  among  otbcr  cases 
of  direct  stimulatiua 
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9!i.  Bat  passing  from  these  perhaps  questionahle  cases, 
let  ti«  ^uDce  tt  otiier  caws.  The  loobile  iris  of  the  bird 
displays  raovementa  after  the  nenMss  lave  been  divided. 
Even  the  voiaatair  striped  muscles  are  not  sltogetber 
motionless.  ScliilT  divided  the  bypo(;]o«siu  on  one  side, 
and  Toaad,  of  coutm,  the  tongue  paralysed  on  tliat  side ; 
but  he  also  found  that  on  the  third  day  after  the  open- 
tion  some  of  the  muscles  of  tlial  sitte  vere  rinivering :  the 
agitation  spread  to  others,  till  by  the  end  uf  the  fonrtli 
day  all  tli«  fibres  were  rhgthmifally  conlraetiog.  From 
this  time  onwards,  the  conlmctioDS  were  inceesant ; 
thougli  thoy  were  never  able  to  move  the  tongue,  be- 
cause tlte  fibres  did  not  oonttnct  siniultanuously. 

Sdiiff  alao  obeterved  that  the  hairs  over  the  eyes  and  the 
"whiskers"  of  cuts,  rabbite,  and  guiuea  pigs  were  for 
months  after  section  of  their  nerves  in  incessant  rhyth- 
mical vibralioii.  Thia  was  observed  wli«n  iJie  animals 
were  asleep  as  when  awake.  Valentin  records  the  spon- 
taneous moveroents  in  the  diaphrogin  of  animals  just 
killed ;  and  this  even  after  sccliun  of  Uic  jAreuic  nerve. 
The  same  movements  may  be  seen  in  the  operculum  of 
fisbtis.  Uvnh  observed  the  spontaiivritLs  contractiona  of 
the  intercosud  muscles;  which  Schiif  confirms,  adding 
that  the  nioveinenta  observed  by  him  in  cats  and  birds 
were  not  simply  conttacUoiui  of  mma  fibres,  but  of  all  the 
muscles,  so  tliat  three  or  four  excised  ribs  rhythmically' 
contracted  and  expanded. 

I  have  pcrforuied  a  great  many  experiments  with  a 
view  of  deterniiiiiiig  this  (jiic^tion,  but  the  pheuomooa 
were  so  variable  that  I  refrain  from  adducing  any,*  and 

*  Dr.  KonniK  tu*  nicatilvd  home  stiik[ii)c  iil»i>rvi(U(m«  in  lii»  p*J»T  on 
"Hiucnlar  Irritabllitf  "  In  th*  Journal  of  JiuaamH,  I86T,  Ko.  IL  f. 
317,  Kiiv  iilliDotiljoiM  I  can  riml  room  for  :  "Ou  Uking  up  tbtthad 
(lOK  *iitl  ItinrMog  th«  limb  (whicli  duiiiiic  IIC*  hail  Innn  (sraljnd  bT«ee> 
(ion  of  ill  iierrc)  nith  my  flnjter,  it  wai  mdiltHlv  thet  put  mt  i/  aJit*.  I 
placed  the  Ixxlj  down,  ui<l  onn  or  twv  appartnllj/  tftinliai4oiu  mopmcHt* 
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merely  state  the  general  result  as  one  in  liarmoiiy  with 
the  foregoitiij  examples.  The  great  variability  of  the  pbe- 
DORMsna  tle{ieiKi»  upon  the  variable  conditions  of  iiiu-tctiliir 
irritability  and  sniitomical  rvlationa.  When  tho  heart  of 
one  woman  ta  found  beating  twenty-seven  houn  nft«r 
deutb,  while  in  must  man  and  wotii»n  it  ceases  after  a 
few  minutes,  we  must  be  prepared  to  Und  different,  aiid 
even  contradictory  plieiiouena  under  varying  unknown 
conditiona  There  is,  however,  a  general  agreement  among 
experimenters  that  muKCtdar  irritability  increases  after 
sepamtion  from  nerve-centres,  and  Dion  quickly  decreases 
again. 

96.  Although  the  stimulation  of  muscles  usiially  comes 
thrmtgh  a  nervcoentre,  yot  since  the  muncles  do  not  de> 
rive  their  Contractility  frotu  ncn-e-ccntrcs  any  stimula- 
tion will  suffice.  Now  since  we  have  abundant  proof 
that  sensory  ncrvca  arc  Blimulatcd  by  Lert.iin  oi;gaiiic 
changes,  by  poisons  in  the  blood,  excess  of  carbonic  acid, 
etc.,  we  are  justified  in  concluding  that  motor  nerves 
will  be  stimulated  in  like  manner,  and  thus  muscular 
movement  be  produced  occasionally  without  tlic  inter- 
vention of  a  centre.  IVeaaure  on  a  motor  ner^'c,  or  the 
irritation  whicli  results  from  intlnmniation,  will  determine 
contraction,  or  Recretion  directly.  Recently,  Erb  and 
Westphal  have  disclosed  the  fact  that  the  leg  will  be 
soddijuly  jerked  out  if  the  pittella  be  gently  tapped ;  and 
they  prove  this  not  to  be  a  reflex  action,  because  it  fol- 
lows with  the  same  certainty  after  the  skin  has  been 
mad«  insensible.* 

Tbeie  anj  doubtless  many  otlier  phenomena  which, 
thongh  commonly  assigned  to  reflex  stimulation,  are 

of  iinmll  vxlrril  unvrwintt  oci-umil.     On  tuuctiiiig  th«  *kio  grntly  wtlli 
the  point  of  n  iirri!!i-.  bv  thii  iti^ht  iirrmnn  upon  the  inui^rlc  hiriicalh. 
inoT«iueiiti  of  tho  linib  wrm  aim  Jn<Iuircd,  but  thii  high  dcgKS  of  exiilla- 
tloQ  Ttiy  n|iiil1y  diuppearnl." 
•  See  their  juipiirs  in  tha  jlnhtc  /tir  PtijMalrit,  1S7S,  (kl.  V.  Hsft  3. 
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Teally  dae  to  direct  stimulation.  Sesesrcli  might  profit- 
ably be  turned  towards  the  elucidation  of  this  point. 
Since  there  is  demonstrable  evidence  that  a  nerve  when 
no  longer  in  connection  with  its  centre,  or  with  ganglionic 
cells,  may  be  excited  by  electricity,  pressure,  thermal  and 
chemical  stimuli,  we  must  conclude  that  even  when  it  is 
in  connection  with  its  centre,  any  local  irritation  from 
pressure,  changes  in  the  circulation,  etc.,  will  also  excite 
it.  But  SB  such  local  excitations  will  have  only  local  and 
isolated  afibots,  they  will  rarely  be  conspicuous. 
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CHAPTER  VL 

WHAT  18  TWaUT  BY   EMBRYOLOGY  ? 


T  97.   Subject  to  the  quulifi&itton  expressed  in  tlie  last 

I  chapter,  stirnatation  of  muscles  and  glands  itivolvt^s  a 

I  neoral   process   iii  inp^ing   dctvc,  cuiilre,  and   otitjji'jing 

il  nerre.     Tliese  are  the  triple  etemeuts  of   the  "  nttrvous 

tan."  If  innscles  wero  directly  uxposod  to  cxtcriiitt  in- 
Haences,  they  would  be  stimulated  without  the  iuterveo- 
tion  of  n  centre;  but  a.<  a  n:iatt«r  of  fact  tliey  nevur  are 
^itQ^  expooed,  being  always  protected  by  the  skiD.  Did 
ibo  skin-DCn'i«  {Htss  directly  to  the  iiiii.-«cle»  undurneatli, 
they  would  move  those  muscles,  wititmtt  the  intervention 
■if  a  centre ;  but »»  a  matter  of  fuct  the  skin-nerves  pass 
directly  to  a  centre,  so  that  it  is  only  through  a  centre 
that  tbey  can  ant  npon  ihi;  muscles.  Were  muscles  and 
{•lands  dtii'ctly  connected  with  sensitive  surfaces,  their 
activity  would  indeed  be  awakened  by  direct atiniulation; 
but  unless  the  muscles  were  so  connect«d  llie  one  with 
the  other,  bf  anostomusis  of  filirct  or  coutii>uily  of  tissue, 
that  tliu  muvemcut  of  one  was  the  laovcment  of  all,  th«re 
would  oeed  to  be  some  other  channel  by  which  their  sep- 
ante  enurgies  should  Ut  combined  and  co-onliuntviL  Id 
the  higher  organisms  anastomosis  of  muscles  is  rare,  and 
the  combination  i-t  eflticted  by  means  of  the  nerves. 

93.  AUIiou<;li  anulyiiis  distinguishRi  tJic  two  elomoDta 
of  the  neuro-muscular  system,  assigning  separate  prop> 
cities  to  tiic  sciwrnte  li.-((*ua'»,  an  iiilerpretition  of  the  phe- 
nomena demands  a  synthesis,  so  that  a  movoiucut  is  to  be 
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conceived  as  always  iiivolvinj;  Scusibility.aDtl  a  sensation 
[  always  iiivolviug  Motility.*  In  like  manner, althoiigb 
Jysis  (lisliiigutshes  tlie  various  organs  of  the  bo^, 
"(uisigiiing  separate  functions  to  each,  our  interpretatwo 
dcmiiiult)  Ibuir  syutliesia  into  an  orgiuiism;  and  we  have 
thus  to  explain  liow  the  whoU  has  dlETenMit  parts,  and 
liow  UifSti  dinVroiit  {tarts  are  brought  into  unity.  Enibry< 
ology  helps  us  U}  couiplulc  ibo  fragtui^ntory  indicaUons  of 
Anatomy  and  Physiology. 

99.  Take  a  newly  luid  «<^.  wojgb  it  carefully,  then 
batch  it^  and  when  tlie  cliick  emerges,  weigh  both  cbick 
and  abell:  you  will  find  tbal  there  bos  been  no  increase 
of  weight.  The  semifluid  contents  have  bet'oine  trans- 
forniL-d  inlij  bones,  iiiii.scU-s,  nerves,  tendons,  feathers,  beak, 
and  claws,  all  without  iucn-usc  of  substuucu.  Tlicro  has 
been  differtntitUion  of  structure,  nothing  else.  Oxygen 
bos  passed  intu  it  from  without ;  carbonic  acid  has  passed 
out  of  it.  The  molecular  tu;itutiuD  of  licat  has  Ixiod  re- 
quired for  the  i-earrangenients  of  the  substance.  With- 
out oxygen  there  would  have  been  no  development. 
Without  heat  there  would  have  been  none  Had  tlie 
shell  been  varnished,  so  as  to  prevent  the  due  uxchiuigc 
of  oxygen  and  carbonic  acid,  no  chick  would  have  been 
evolved.  Uad  only  one  part  of  the  shell  been  varnished, 
the  embryo  would  have  been  deformed. 

99«.  The  patient  labors  of  many  observers  (how  pa- 
tient only  tiiose  can  conceive  who  have  made  audi 
observations ')  have  detected  something  of  this  wondrons 
history,  and  enabled  the  mind  to  picture  some  of  the  in- 
cessant separations  and  reunions,  chemical  and  morpho- 
logical. I-Jich  stage  of  evolution  presents  itself  as  the 
consequence  of  a  preceding  stage,  at  once  an  emergence 
and  a  continuance ;   so  that  no  transposition  of  stages 

*  TiiiH  liittijr  (tntfini-nt  uilt  \k  juslififd  tFhca  1  codif  to  cipomid  tlm 
Trijilc  rroccas,  whluh  1  hnve  nomoil  ihi.  Pe</dia!agiatt  Spairuia. 
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ia  possible;  «acl)  lia»  its  appoitiled  place  ia  tlic  series 
(Problem  I.  §  lUV).  For  iu  trutli  each  stage  is  a  pro- 
eon —  Uieauiii  at  A  variety  of  co-oiierantcondllioiis.  We, 
looking  forwanl,  urn  foresee  in  cucli  wlml  it  will  become, 
as  we  foresee  the  man  in  the  liDeameDtd  of  the  infant; 
bob  in  tiiis  pnivi!»ioii  we  always  presuppose  that  the 
regular  course  of  development  will  proceed  unolicckc<[ 
tlirougb  tlio  regular  succession  of  special  cuDditiona :  tlie 
infant  becomes  a  man  only  u-hen  tliis  succession  is  nnin- 
termpted.  Obvious  as  this  secni^,  it  U  often  disregardvd ; 
and  the  old  melaphip-Hical  conception  of  potential  powers 
obscures  the  real  significance  of  Epigenesis.  The  poten- 
tiality of  thf  L-clLs  of  the  germinal  nit'inbmnu  i»  sini]>ly 
their  capability  of  reaching  successive  stages  of  develop- 
mctit  uuder  a  defiuito  series  of  co-operant  conditionH. 
We  foresee  tlie  result,  and  personify  our  prevision.  Hut 
tltat  result  will  not  take  place  unless  all  the  precise 
ehang&i  that  are  needful  serially  precede  it.  A  slight 
piessuro  in  one  direction,  insutTioieut  to  alter  the  chcnii- 
ool  composition  of  the  tissue,  may  so  alter  its  structure 
M  to  disturb  the  regular  succession  of  forms  necessary  to 
the  perfect  evolution. 

100.  Tlio  e<,i;  is  at  first  a  microscopic  cell,  the  nucleus 
of  which  divides  and  subdivides  as  it  grows.  Tlie  egg 
becomes  a  hoHow  sphere,  the  boundary  wall  of  which  i* 
a  single  layer  of  colls,  all  SO  siniilni-  that  to  any  rat-ans 
of  appreciation  we  now  poaseas  they  are  indistinguishable. 
They  arc  all  the  piiigciiy  of  the  original  nucleus  ami 
yolk,  ov  cell  contents.  Very  soon,  however,  they  begin 
to  show  distinguish  able  diOerences,  not  perhaps  in  kind, 
but  in  rft-yiw.  TliB  widl  of  this  hollow  sjiliore  is  mpidly 
oonverte<l  into  the  germinal  membrane,  out  of  which  the 
embryo  ia  foriuoxl  Kowalewsky  (confirmed  by  Balfour) 
has  pointed  out  how  in  the  Amphioxiia  the  hollow  sphere 
first  assumes  an  oval  shape,  and  then,  by  an  indentation 
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of  the  under  side,  with  corresponding  curvature  of  Uie 
upper  siilfl,  presents  suniewhal  llic  sliiijiu  of  u  Ixtwl.  Tlie 
curvature  increases,  and  tlio  cuned  cads  Bp|iroacliiii^ 
each  other,  the  ortgiitat  cavity  ia  reduce<l  to  a  thin  line 
scparstiiig  the  upper  fii>in  Uic  uudur  suTfiaoc  Ttiv  cavity 
of  the  Ijody  is  formed  by  the  curving  downwards  of  this 
double  lavi-'r  of  the  germinal  lueinbmtiv. 

101.  This  13  not  precisely  the  course  ol)aervable  in 
other  vertobrates;  but  in  all,  the  genuiiiul  membrane, 
which  lies  like  a  watcli-gloas  on  the  aurfacQ  i>r  the  yolk, 
is  ruco-;iiizuble  as  two  distinct  layers  of  very  similar  cells. 
What  do  these  represent  ?  They  are  tho  Htarting-fioints 
of  th«  two  gnrul  syBlems:  liuttru mental  and  AUmentaL 
The  one  j-ields  the  dermal  surface ;  tbc  other  the  mucous 
membrftnc.  Each  follows  an  independent  tlwugb  aoalo- 
gous  carour.  Tlio  yolk  furnishes  nutrieut  iiuiterial  to  the 
germinal  membi'ane,  and  »o  [Kisses  more  or  less  directly 
into  the  tissues ;  but  aolike  Uie  genninaj  nK-mbnm«,  It 
is  not  itself  to  any  grnat  extent  the  seat  of  generation  by 
s^mcntation.  There  arct  two  yolks;  the  yidlow  and 
the  white  (which  must  not  be  confoundeil  with  what  ia 
called  llie  %chile  of  ^jy)\  and  their  disposition  may  be 
seen  in  the  diagram  (Fig.  14)  copied  from  Foster  and  Bal- 
four's work.  The  Im[)OTtance  of  the  whim  yolk  is  that 
it  poases  insensibly  into  a  distinct  layer  of  the  germinal 
membrane,  between  the  two  jn-iniury  layers.*  Each  of 
the  three  layers  of  the  j^rminal  membrane  has  its  specific 
character  assigned  to  it  by  embryologists,  who,  however, 
are  not  all  in  agreonient.  Sonic  authorities  re;^nl  the 
topmost  layer  as  tlie  origin  of  the  nervous  system,  the 
epidermis,  with  Lair,  feathers,  nails,  horns,  the  cornea  and 
leuB  of  the  eye,  etc.    To  the  middle  layer  are  assigned  tlie 

*  KoHTEii  and  nAi.rnitn,  EltmenU  of  Embryalogi/,  1874,  Purt  I.  p.  61. 
Ills,  Uttlrrrackunjm  S6ir  dit  tr*U  jfnlagt  da  H'iHullkirrlnbet,  ISOS, 
p.  197. 
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mtuculnr  and  osseous  systiiuis,  the  sexu&l  organs,  etc  To 
tJje  innermoai  layer,  tlie  alimentary  ranal,  witli  livnr,  pan- 
creas, gastric  ami  enteric  glaiidt.  Otiivr  atithoritics  are 
is  t&vot  of  two  priniaiy  layers:  one  far  tlie  nervous. 


««./. 


Fl^  14.~0livniiuwite  Mcliim  ffan  trmnnihiuil  Itin'f  mi,  bl,  bluMerm^  w  v. 
VAII*  y*llt  ^  V  f.  )f;lluw  ]r*>^^  I  1"  '■  vilulUflf  irtrRilfmnt :  i  »dcI  it,  it)cn  of  jiL^mDn  ; 
•k  t  clukM ;  a  ck.  alr4bunUi  i  1 1  «.  InLttnil  lij'gr  af  ihEll  tuciulmnD  ;  t  bi.  in- 
land ittwi :  I.  ■hrll 

mnscular,  osseoiifi,  nn<l  dermal  ayatcm^ ;  the  otiior  for  the 
viscera  and  unstrijx'd  muscles.  Between  lltesc  two  laycre. 
a  third  gmdually  forms,  which  is  specially  characteriied 
u  the  vasoiihir. 

102.  >Iessis.  Foster  and  BalFoiir,  avoiding  the  con- 
twverlod  dl?-<'igIlalic>^l^s  of  serous,  vascnkr,  and  mucous 
layers,  or  of  scnsoriiil.  motor  gemiiiiative,  and  glandular 
layers,  employ  di^si^iiationn  which  are  iiido-)M)iident  of 
theoretic  iiitvrjiret^ition,  and  simply  deecrihe  the  position 
of  the  layers,  namely,  epibla^t  for  the  upper,  mfjuih/ngt  for 
the  middle,  and  hi/imUast  for  tlic  under  layer.  From  the 
'niL.  ni.  11  r 
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epiblast  tliey  derive  the  cpid«raii«  aud  central  m'r>-oos 
systein  (or  would  even  linjit  llie  latter  to  the  central  gray 
miituir).  ttgetiicr  with  sutue  parts  of  iho  seiise-fjiHUHs, 
From  the  niesoblaat,  tiie  musclea.  n«rv«8  (and  probably 
whito  niiittor  or  llio  cfiiitres),  bones,  comu'clive  ti.'HUO, 
and  blood-vesseU  From  the  Iiypoblast.  the  epithelial 
lining  of  the  aliniontary  canal,  trachea,  bronchial  tubes. 
05  well  aa  the  livci',  piincicas,  etc.*  KolUker'e  Bti™estion 
ia  mtich  to  tite  same  effect,  namely,  that  the  three  Inycra 
may  he  viewed  as  two  epithelial  luyers,  between  whlcli 
subeequeiilly  arises  n  third,  the  origin  of  ncrveif,  inuitctes, 
bone»,  coi(iiei:Live  tissue,  and  vessekf 

103,  The  M-aj  in  which  tlie  history  may  be  epitomized 
is  briefly  this:  There  are  two  germiniil  inenibmnes,  re- 
spectively ix'prescntius  the  Instrumiiiital  and  Alimcntal 
Systems.  Kach  membrane  ilifToTentiates,  by  diHercnt  *p- 
{HK^riaUous  of  the  yolk  substance,  into  three  primary 
layers,  tpithtlt'al,  ni^uml,  and  muiv^ulnr.  In  tlio  epiblnst, 
or  upper  incnibruiie,  these  laycre  represent :  1",  the  future 
epidermis  with  ita  derivatives  —  hair,  feathers,  nails,  skin 
glands,  and  ehronialophores ;  2°,  the  future  ncrvoui  tis- 
sue; 3°,  the  future  muscular  tisaue.|  (Itoiie,  dermis, 
eoniiecli\o  tissue,  and  blood-corpuscles  are.  Guhscciiicnt 
formations.) 

The  liypobluKt,  or  under  membrauo,  in  an  inverted 
order  preaeula  a  similar  orraDgemeut :  1°,  the  unsthped 

*  "nipy  «t«U  that  th«  cpH*  of  the  aplblitt  nri>  lh«  ttwiill*  of  ilinict 
w^Rnlatinn,  wl)cr«u  the  cclli  of  ttic  other  Inynr*  arc  formcii  &I  it  nib- 
wqiicnt  period,  »nil  Me  only  indirectly  tuulti  of  icgmtniaiion-  Bill  it 
llic  obwnDtiuiit  ut  K.pWALBiv8Ky  nn  vxaut,  thla  in  ni)I  thv  c«w  « ilh  Ibf 
hypolilnikt  <it  the  AiiipliiuxuA,  which  i«  Trotu  tho  lint  lilontii'.al  vilh  th* 
rpihiail. 

t  KuLLiREit,  EntaHMunytgtiKkulUt  ilei  i/tnKAfli  und  der  ItMtrtn 
Thitn.  ISfil.  |>,  71. 

X  [Acconling  to  BALFuun'*  Tt«nt  oWnaLlnna,  a  Iwtf"  pnrt  of  the 
mntnilnr  tiwuo  it  ilerirwl  ftom  the  Inyrr  of  the  miaobUirt  belonging  t« 
the  hypoliUrt.] 
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muscular  tissue  of  viscera  and  vca^'ls;  2',  the  ncrvoos 
tissue  of  the  sympathetic  Hyst^ni ;  'A",  Uie  e[)it!iclial  lin- 
ing or  llm  aliiiieiiuuy  c»iiiU  tviUi  its  glands, 

FundaumDtally  alike  us  Ihcse  two  menibninea  are,  they 
liave  spetiitic  differaitcea;  but  iii  both  wi;  may  tx^[)i'esctit 
to  ourselves  tbe  tmhry^agkal  nnit  constituted  by  au  epi- 
tlidiftl  c«ll,  a  non'e-coU.  and  a  muacle'cell.  All  tlie  other 
cells  and  tissues  arc  oc^uncts,  uvccssury.  iitdecd.  tg  the 
working  of  the  vital  taechaoistD,  but  subordinated  to  the 
higher  orgiinites. 

104.  Tliis  conception  may  lie  compared  with  that  of 
His  in  Uie  division  of  Archiblaat  and  Farablaiit  assigned 
by  him  to  the  germ  and  accessory  germ.*  We  can  im- 
agine, he  say»,  the  whole  of  tlm  connective  Hutetnucea 
removed  from  the  orgnnisfni,  and  thuA  leave  K-hind  a 
scaSblding  in  which  brain  and  spinal  cord  would  be  the 
axis,  surrounded  by  muscles,  jjlnnds.  and  epitheltiini,  and 
nerves  as  connecting  threads.  All  these  partei  stand 
in  more  or  less  direct  relation  to  the  aen'ous  system. 
All  are  continuous.  By  a  similar  abstraction  we.  can 
imagine  this  organic  syiileiii  removed,  and  leave  behind 
the  connected  scaflulding  which  is  formed  from  the 
aoceasory  germ ;  but  this  latter  has  only  vuehanical 
significance ;  the  truly  viial  functions  belong  Ui  the  other 
system. 

105.  Tiie  r&'fearches  of  modem  histologisls  have  all 
converged  towards  the  conclusion  that  the  organs  of 
Sense  arc  modification;*  of  the  surfncc,  with  epitlielial 
cells  which  on  the  one  side  are  connected  with  termi- 
nal haira,  or  other  elements  adapted  to  the  reception  of 
stimuli,  and  are  connected  on  the  other  side  through 
nerve-fibres  with  the  perceptive  centres.  It  has  been 
shown  that  nerve-fibres  often  terminate  in  (or  among) 
epithelial  cells  —  sensory  fibres  at  the  surface,  and  motor- 

*  Ut<^  UnttrtitAungen,  pp.  39,  40. 
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1ibr«!i  in  the  glaDcIs*  WlioUicr  the  libre^  ftcSiiallj-  pcue- 
trat«  tli«  s\ili»taiice  of  the  cell,  or  uot,  is  still  disputed. 
Kuou^h  for  our  jireseiit  purpose  to  uudenttand  titat  tlkorc 
is  a  jikyaioleijieal  connectioii  between  tlie  two.  and  above 
all  that  sensory  nerves  are  iiormaUy  stimulated  through 
some  vpithelial  structure  or  other. 

1U6.  And  tliia  becomes  clear  when  we  go  back  to  the 
csrliest  indications  of  development.  Look  at  Fig.  15,  ntp- 
lesentjug  n  traii3vvi-i)(!  ftttction  of  tlie  germinal  membranes 
in  a  chick  after  eigltUx-n  hours'  iiicubatioit.     Here  the 


rif.  10.  — TnaMtiw  taioviofa  Dlubnlir*  innlnlKl /ir  iIrU«  kan.    TT»  mc- 
Uoa  jwm  Itironirh  tJ)«  njnlailarT  groove,  ha.    A.«pi1>bAL    &  tinfrlrlwL    C^^Ch 


thiee  layers,  A,  B,  and  0,  have  the  aspect  of  simple  cells 
very  slightly  dlfTuriug  among  ouch  other.  Yet  since  eacli 
layer  has  ultinmtely  a  progeny  which  is  characteTistically 
distiiiguisliubk-,  we  may  spcjik  of  mch  not  as  what  it  now 
is,  but  what  it  will  become.     Although  the  moat  expert 


*  Quite  recently  Owuawikow  Iik*  poinfl  onl  thr  tirininalbii  of 
fibm  in  ttiv  phonphorvnwnl  relli  of  the  Jjtmpjtria  A'oetiluta.  See 
hi*  pHiHT  ill  ttiK  it^mairtu  d/  rArtid.  de  SI.  Prtertbaaiy.  1888,  XI.  17. 
ThriN!  plio»yiliorT*ccnt  rcltii  >rp  mI<I  to  l>f  ganglion -I'l'll*  liy  Paxokki. 
InCamo  drlla  lure  cAe  tinana  dalle  allenle  ntrrtai  (ItcndioonUi  <1e]1> 
Ai-i-ul.  iti'lli-  Si'irnif.  April,  1ST3) :  uitl  by  ElMCR.  Arthie  far  nikni. 
AnatamU,  IST'J,  p.  n.^.t.  Kitl.i.iKBR  alM  cuIU  tlitf  plioaphomcvnt  otf/at 
X  nrrvoua  organ.  Thii  i(  not  tn  b«  jnlerprrtcil  m  TneuiinK  th*t  naa- 
TJUty  iH  ptiospliiirescMici',  but  limply  ttiiit  in  somo  nprvi^'«lii  thora  ii 
phoBpborucpnt  maltn,  ivliicli  i*  wlicd  Into  m-livily  by  »limiilu»  ot  llw 
nervva.  ,   - 
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embryologist  1.1  otten  ODnble  to  distinguish  the  embryQ  of 
a  reptile  from  that  of  a  bird  or  of  a  mamnial,  at  certain 
stages  of  evolution,  so  cloudy  does  tho  one  roseinble  the 
otiier,  yvt  inasmuch  as  the  embryo  of  a  rvplili;  does  not, 
cannot  become  a  bii-d,  nor  that  of  a  bird  a  mammal,  lie  u 
justified  in  loiikinj;  forward  to  wbitt  oaub  will  become,  and 
in  calling  each  embryo  by  iu  future  name.  On  the  same 
ground,  aJUiougb  wo  cannot  ^Kiint  to  any  such  distinction 
between  the  layoreof  the  blastoderm  as  I  liavft  indicated 
in  tlie  si?|itiration  of  InHtrumentol  and  Alimeiital  Systems, 
nor  specify  any  cliaroctors  by  which  tliL'  colU  can  bo  rcc- 
clgniKcd  as  epithelial,  neural,  and  muscular,  yet  a  forward 
glance  preligures  the-se  divisions.  Wo  know  that  llic  first 
result  of  ihis  HCi^mentation  of  the  yolk  ia  the  formation 
of  cells  all  alike,  which  in  turn  grow  and  .tuhdivide  into 
oUicr  tells.  We  know  that  these  cells  beeomc  variously 
tDOdihed  botli  in  composition  and  structure,  and  that  by 
such  differentiations  the  simple  organism  becomes  a  com- 
plex of  organo. 

107.  But  here  it  ia  needful  to  recall  a  consideration 
sometimes  disregarded,  especially  by  those  who  sjicak  of 
Diffeientiation  as  if  it  were  some  mofocal  Formati\'e  Prin- 
ciple, quile  independent  of  the  state  of  the  organized 
substance  whtcli  is  formed.  Tliere  is  a  luminous  coitcep*' 
tion  —  tirftt  announced  by  (joethe,  and  subsetjuently  de- 
veloped by  Milne  Edwards  —  which  regards  tiie  organism 
as  incieastnf;  in  power  and  complexity  by  a  physiulo^col 
"division  of  labor,"  very  similar  to  that  division  of  em- 
ployments which  characterizes  the  developed  social  organ- 
istn.  But  tlic  ini-tapbur  lias  sometimes  been  misleading; 
it  has  been  interpreted  as  indicating  that  Function  creates 
Oi^n  (see  Fkoblkm  1.  §  88),  and  a.s  if  Difterentiation 
itself  were  something  more  than  the  cxpres.sion  of  the 
cltanges  resulting  from  the  introduction  of  different  ele- 
luents.     Is  the  Social  Organism  a  "di\-ision  of  labor" 
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presupposes  that  laborers  with  their  labor-mateimla  are 
already  existing;  the  change  is  one  of  reanangeuenc : 
iDstca<l  of  oncli  laborer  omployiDg  his  skill  in  doing  many 
kindii  of  work,  he  restricts  it  to  oue  kind,  which  he  is 
then  able  to  do  with  less  loss  of  Uinv  aud  power.  Thus 
is  social  power  multiplied  without  increase  of  population, 
aud  the  social  orgaiiiam  becomes  more  complex  by  the 
differentiation  of  its  organs.  It  is  not  precisely  thus  with 
the  Animal  Organisun  during  ita  evolution.  Indeed  to 
suppose  that  the  difTorentiatiun  of  the  germinal  membrane 
into  special  tissues  and  organs  takes  place  by  any  such 
division  of  employments,  is  to  fall  into  Urn  aucieut  error 
of  att-iuming  the  organism  to  evA  pr^ormfd  in  the  ovum. 
The  unejpiivocal  teaching  of  Kpigene»ia  is  that  each  part 
is  produced  out  of  the  elements  fiimislied  by  previous 
partA ;  and  for  every  differentiation  there  raii.it  be  a  differ- 
ence in  composition,  structure,  or  texture—  the  first  con- 
dition being  more  important  than  the  second,  tlie  seiwnd 
more  important  thaa  the  third.  The  word  protoplasm  has 
almost  as  witle  a  generality  aa  the  word  animal,  and  is 
often  used  in  forgetfulneas  of  its  specific  values ;  the  pro- 
toplasm of  a  nerve-cell  is  not  the  same  aa  that  of  a  blood- 
cell,  a  muscle-cell,  or  a  councctive-tissuo  cell,  any  moru 
than  a  bee  is  a  butterfly,  or  a  prawn  a  lobster.  No  sooner 
has  the  spGciiic  character  been  acquired,  no  sooner  ia  one 
orgaiiite  formed  by  differentiation,  than  there  is  an  abM* 
lute  barrier  against  any  transformation  of  it  itito  any  other 
kind  of  organitc.  The  nerve-cell,  musclo-cell,  and  epi- 
thelial cell  have  a  common  starting-point,  and  a  commu- 
nity of  substance ;  but  llie  one  can  no  more  be  tnins- 
formed  into  the  other  than  a  mollusc  can  he  transformed 
into  a  cmstaoean.  In  the  hotBogeQcoua  cellular  mass 
which  subsequently  becomes  the  "vertebral  plates,"  a 
group  of  cells  is  veiy  early  diiferentiated :  tliia  ia  th« 
rudimentary  spinal  ganglion,  which  becomes  enveloped  in 
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a  membittDe,  and  Uien  pursues  a  widely  difTerent  courae 
froiu  that  of  th»  other  celts  surrounding  it,  bo  that  "  the 
same  cell  whidt  was  formerry  an  olcmcnt  of  the  vertebml 
plate  now  becomes  a  nerve-rell,  while  its  neiglilwrs  lie- 
come  csrttlBge-ceUs."  *  Indeed  nil  tlic  hypotln'seis  of  trans- 
roriuatioa  of  tissues  by  means  of  Ditl'erentiation  are  as 
UDscicutifiv  o«  the  liypotheses  of  the  tmn»ri>rni)it  ton  of 
aniinala.  In  the  oi^ntsm,  as  in  f lie  Cosmos,  typical  fonns 
once  uttaiued  are  mtaiiiftd.  Tiiere  prolwiily  waa  a  titue  in 
the  history  of  the  uniiual  scric!)  vihen  uiilssl-j;  of  proto- 
plasm by  appropriating  <Ufrerent  materials  from  the  sur- 
rounding medium  weiv  dilfereiitiatcd  into  or^nisnis  more 
complex  and  more  powerful  than  any  which  existed  be- 
fore. But  it  is  obvious  that  from  a  comnioo  starting-point 
there  could  have  been  no  \-arialiuns  in  development  with- 
out the  introduction  of  new  elements  of  composition : 
there  might  have  been  many  luodilicntiuns  of  structure, 
but  uuli^a  theiae  facilitated  modifications  of  composition, 
there  could  never  have  r(-»ulted  ihu  striking  differences 
observed  in  animal  organisma^ 

lOd.  To  return  from  this  digression,  wc  muy  liken  the 
time  jirimary  Inyerii  of  the  germinal  membnines  to  tlie 
scattered  and  slightly  different  maases  of  pmtoplaim  out 
of  which  the  animal  kingdom  was  developed.  In  this 
early  stage  there  are  no  individuidizcd  organiles  —  no 
nerve-cells  or  uiuscle-cclls.  Tliey  are  cells  ready  to  re- 
ceive modifications  both  of  composition  and  structure, 
appropriating  slightly  different  elements  from  the  yolk. 
and  according  to  such  appropriation  acquiring  different 

•  BiM«:iiiindKiTiT»Tit,Tcrfnr(f(a;r-fi«ima?-ij,]857.p.I0e.  [What 
\»  Mid  m  the  t«xt  has  bMn  rrmliml  <)ou1)trul  hj  tlin  rvranl  mexrrhe*  of 
Mr.  F.  ItAl.roCR,  Oh  Um  DiVttopmet't  of  An  Spinal  X'rra  tm  Ulatmo- 
hrandi  FiAa  {PKiloi.  TVdiu.,  Vol  CLXVL  Part  I.),  «bi«h  iliowdial  in 
Ibrw  fitbn  tbf  gknelion  hu  it*  origiii  in  llu-  vjiinil  cord.] 

t  Camp.  pBOBi.KM  1.  t  ISO,  vllh  tha  Minarlu  of  Ciiabus  RoBtK, 
Jttatoatil  H  nyMiologit  Ocllulairai,  1873,  p.  20. 
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properties.  And  this  h  D«oessaiily  so,  since  th«  difforent 
cells  Iiavc  not  exactly  tbe  same  relation  to  the  yolk,  nor 
urv  llioy  ill  exactly  the  same  relation  to  the  incipient  forci^t 
which  (leternune  tbc  luolocular  cltanges.  The  uppermost 
layer  (epililiLst)  imdor  such  variatinnn  develops  into  vpillie- 
liuin  and  central  uerve-tissuc  ;  the  opitheliol  cell  cannot 
develop  into  a  nerve-cell,  the  two  orgauiten  are  markedly 
unlike,  yet  both  sprinj;  from  n  common  root.  Another 
modification  resulta  in  the  development  of  miiarle-ceils 
from  Ihc  inner  layer. 

109.  Hence  we  can  understand  how  the  surface  is  sen- 
utive  even  in  organism.'*  that  arc  without  ncn'e-tissuc ; 
and  also  how  even  in  the  highest  or^nlsms  there  is  an 
intimate  blending  of  epithelial  wilh  pctirol  tissues.  The 
Mime  indication  explains  the  existence  of  neoro-muscular 
ceUs  in  the  Hydra,  recorded  by  Kleinenbei^,  and  of  neiiro- 
miiactilnr  fibres  in  the  Berot,  by  Eitner*  In  (he  simpler 
ui^anisma  the  surface  is  at  once  protective,  sensitive,  and 
absorbent.  It  shuts  oil'  .the  animal  from  the  external 
medium,  and  thus  individualize!)  it;  at  the  .tame  time  it 
connects  this  individuiil  wiib  the  medium;  fur  it  is  the 
channel  tbrou^jh  which  the  medium  acts,  both  as  food  and 
stimulus.  The  first  morpboloyiciil  clmutjo  is  one  whereby 
a  part  of  the  surface  is  bent  inwards,  and  forms  the  lining 

"  KucrMcXBElic,  ffi/itra ;  Hint  AiuiUnHiirA-EnlicidlxliiMf^C'Kttnu- 
di'ing,  I87S.  |).  11,     EiMF.R,  ^'•■•t'yiiirM  Sludini  an/  Capri,  1878,  p.  M. 

A  »iiiiiliir  fomiiilidii  U  il»i--rilifJ  liy  l)t.  Allman  !ii  llw  Mijriatktla  ;  ho 
tavK  howfvf  r,  llinl  lio  Imi  never  bron  ribli'  U>  Uiu-r  a,  ilin>i;t  cfinliniiitT  of 
the  roudnl  procrsw*  of  lln-  cells  willi  imncilljir  librili.  lit  ti'licvra  thnt 
llir  iirvi-t'twit  iiutki'  Ihcir  way  tu  lli><  iniiiiciilaT  lajcr  tliroticli  uu(tiir«mi- 
tiaWd  proloplttimi.  —  PAi/oi,   Traiuattuaa.  Vol.  CLSV.  i'nit  II.  [i.  551. 

An  intrrineJintP  >liig»  bet*r.'eii  this  npuio-uiuwulnr  ti-Alii-  nnd  tho  Vmn 
■l!flVn<iitiiil<^(l  tiMiim  wiTiis  pttwiilrrl  ill  tliv  Nrnmioid  H»ruit  Khirli  bavo 
muiclM  ihot  xai'l  off  pincaiM  into  wliich  the  nrrvp*  pa»».  Gmbsbaiib 
rlrclnrra  hiH  itmbjtiif  tu  ilwiilc  vliethcr  Vacav  |itu<v»ra  tn  iduhcIm  or 
norrM.  RCtiicrtt.t  llitiik*  iIk  iipn*-procwi)i  blim.U  wilb  Iho  iuuMl«-pra- 
MM.  —  ArAit/iT  mikrot.  Aitatmnit,  1S73,  p.  S9. 
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of  the  body's  cavity.  Soon  there  follows  such  u  modili- 
cation  of  structure  between  tlie  out«r  and  iunei  surfaces 
(ecloderm  and  auioderm)  tbat  the  one  is  mainly  seDsitire 
and  protective,  the  other  luaiDly  protective  aud  absorbtmt. 
The  outer  surface  euutmues  iudeed  to  absorb,  but  its  part 
in  thi-i  fuaclioa  ia  insixtiilicant  compared  with  that  of  the 
iDaer  surface,  which  uot  only  absorbs  but  secretes  fluids 
essential  tn  assimilation.  The  inner  surface,  although 
sensitive,  is  subjected  to  less  vaiiuus  stiuiulation,  and  it« 
sensibility  is  more  uniform. 

110.  The  upiwrmost  of  tlio  primary  layers  we  have 
seen  to  be  epithelial ;  and  we  know  that  the  first  lines  of 
the  central  nervous  system  are  laid  there.  A  depre-asion 
called  the  medullary  iyroove  is  the  first  indication  of  the 
future  ccrtbro-sptiiul  nxi*.  Some  writers  —  Kolliker,  for 
instance  —  rej;:atd  this  medullary  groove  as  continuous 
with  but  diffi'^rciit  from  the  epithelial  layer;  others  niutu- 
tain  that  it  hca  underneath  the  epithelium,  just  as  we  see 
it  in  later  stagi^,  when  the  differentiation  between  epi- 
thelial and  nene  cell  has  taken  place.  Since  no  one  dis- 
putes the  fact  that  when  the  gioove  becomes  a  closed 
canal  its  Unin<;  is  epithelial,  one  of  two  conclusions  is  in- 
evitable: either  the  cells  of  thfi  primary  layer  develop  in 
the  two  diverse  directions,  epithelial  and  neural;  or  elso 
epithelial  cells  can  be  developed  on  the  surface  of  neural 
cells  and  out  of  them.  Tlie  latter  conclmsioii  is  one 
which,  invohing  the  conception  of  transformation,  would 
seem  to  be  put  out  of  court  I  think,  then,  we  must 
admit  that  the  under  side  of  the  primary  layer  of  cells 
becomes  differentiated  into  nerve-celU;  and  this  is  in 
accordance  witti  the  observations  of  Messrs.  Foster  and 
Balfour* 

•  "Tbfl  gray  iiiatlcr  of  llw  Cord  iiwruii  iiiiJoiilitcilly  to  Iw  fonnnil  by 
a  mctimoriilioiuk  of  tlir  extnitial  ci'tl*  of  ttif  (^iblait  of  thn  neura]  tube, 
mnd  is  dirMtlf  cotitinoou*  villi  the  e)»llicUtuu;  then  being  no  struug 
line  of  <leiiUT(ist{oD  brtwrcti  tlifiii."  —  Op,  cif.,  p.  ISS. 

n* 
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111.  While  there  U  this  iiitiiDate  morphological  and 
physiological  lili-nding  uf  i^pithdial  and  iieurol  orgaoites, 
ikon  is  UD  analogous  relation  between  Deuial  and  mus* 
cular  oi^^niws.  As  the  ueuTul  layer  lies  umler  the  epi- 
tholial,  the  muscular  lica  under  the  neural  The  surface 
stimulation  passes  to  the  centre,  and  is  reflected  on  the 
muscles.  £ml>r>'ology  thus  leudics  why  a  sLimulua  from 
the  external  medium  must  be  propa^ted  to  a  nerve-centre 
before  it  reaches  the  musclea ;  and  why  a  stimulus  ou  one 
part  o£  the  surface  may  set  all  the  organism  in  mox-ement^ 
by  passing  through  a  centre  wliich  cn-ordinatea  all  move- 
menb).  This,  of  course,  only  appUea  to  the  higher  ot^o- 
isms.  In  the  simpler  structures  the  senaitive  surface  is 
directly  continuous  with  the  motor  organs. 

It  is  unnvix-ssury  hero  to  pursue  this  iutereating  braucit 
of  our  sabject ;  nor  need  we  follow  the  analogous  cvolu- 
lion  of  tliG  second  germinal  membiiuio  rcprcsonting  the 
Aliinental  Sy.ttem.  Our  attention  must  be  given  to  what 
is  known  and  inferred  respecting  the  elemeDtary  structure 
of  the  ncrve-s  and  centres,  on  which  mainly  the  interest 
ci  the  psychologist  settles,  since  to  hiin  the  whole  of 
Physiology  is  merged  in  nerve  actioos. 
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112.  The  progress  of  scionve  involves  an  ever-increaa- 
log  Analysis.  Inveatigalioii  is  more  and  more  directed 
towards  iLu  supuniLcd  dL-luiltt  of  lliu  pliviiuiucoa  previously 
sUidied  as  events;  the  obsen'ed  facta  are  r&solved  into 
their  coniponont  factors,  cofliplvx  wholes  iatv  t3icir  sim- 
pler clemi'uts,  the  orgaimni  into  organs  and  tiasiies.  But 
while  the  analytical  process  is  thus  iitdisitunSKble,  it  is,  aa 
I  have  o(l£u  to  iiisii>l,  beset  with  an  attendant  dang^, 
namely,  that  in  dmwiug  the  atleutiou  away  from  one 
group  of  faclore  to  fix  it  exclusively  on  another,  there  is 
a  tendency  to  for^t  this  artifice,  and  instead  of  restorinf; 
the  factors  provisionally  left  out  of  account,  we  attempt 
a  reootistmction  in  oVilivion  of  these  omitted  factors. 
Hence,  instead  of  studying  thu  properties  of  u  tissue  in 
all  tJie  elements  of  that  tissue,  and  the  fimctiona  of  an 
oT^n  in  the  anatomical  connections  of  that  oi'gmi,  n  single 
element  of  the  ti.isue  is  made  to  replace  the  whole,  and 
very  soon  tlie  function  of  the  organ  is  assigned  to  Uiis 
porticolar  element.  Tlie  "superstition  of  the  ncr\'C-coU" 
it  ft  stnking  ilUistration.  The  cell  has  usurped  the  place 
of  the  tissue,  and  has  come  to  be  credited  with  central 
functions ;  so  that  wherever  anatomista  have  detected 
ganglionic  cells,  physiologists  have  not  hesitated  to  plnce 
central  functions.  Ity  sucli  interpretations  the  heart  and 
intestines,  the  ^Iiinds  «md  blood-vessels,  have,  erroneously, 
I  thiuk,  tiieir  acUona  assigned  to  ganglionic  cells. 
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It  U  uiinoooMuy  to  point  oat  th«  radical  iniscoiiceptioD 
wliii;li  tliiu  vitiates  a  greet  mass  of  auatomical  expositioD 
lUid  |>liyHiologicftl  speculation.  I  only  call  tlto  readci'* 
attention  to  tha  poiiit  al  the  outset  of  the  brief  sorrey  we 
bavti  iiriw  to  make  of  what  is  known  respecting  ihe  e]e> 
naiit^kry  ilruuture  of  the  nervous  system. 

DIFnCULTIES  OF  THB  DCVESTIGATIOX. 

11:1,  8(1  great  and  manifold  ar«  tlic  difficulties  of  tlw 
iHri^li.  tlmt  (ilLlioii};h  huodnKtii  of  patient  observets  have 
durinij  till)  liuit  forty  ymts  been  incesctantly  occupied  witli 
til"  I'li'tiioiiUry  ainictura  of  tho  nervous  system,  very  little 
lina  litx'M  llrinlly  established.  Indeed,  we  may  .still  repeat 
LuUsu's  Karcasm,  that  "  miuruscopic  thcorit^  haw  an  aver- 
HKII  of  flvo  years'  <1uration."  This  need  not  damp  our 
KiiloT.  llioii;;!!  it  ought  to  check  n  too  precipitalo  oodG* 
dotice.  Nothing  at  the  present  niuniont  needs  more  rec- 
u]{niliun  by  the  student  than  that  tiic  statoments  cod- 
flilnitly  repciitvd  in  text-books  and  monograplu  tab  very 
oftiin  for  tho  most  part  only  ingenious  guesses,  in  which 
ObiHirvation  is  to  Imngitiation  what  the  bread  was  to  the 
sack  in  Falstaff's  tAvwn  bdlL  Medical  men  and  psychol- 
ogists ought  to  be  warned  ngainst  founding  Uieories  of 
disease,  or  of  lountal  processes,  on  such  very  insecore 
and  physiological  students  will  do  well  to  remem- 
ber the  largw  adniixtuni  of  Hypothesis  which  eveiy  de- 
scription of  the  nervous  system  now  contains.  Not  that 
the  potent  aid  of  Hypothesis  is  (o  be  undervalued ;  but 
its  limits  must  be  defined.  It  may  be  used  as  a  linger- 
post,  not  as  a  foundation.  It  may  suggest  a  direction  in 
which  truth  may  bo  sought ;  it  cannot  take  tlie  plac«  of 
Observation,  It  may  link  together  scntteivd  facta;  it 
must  not  lake  the  place  of  a  fact.  We  are  glad  of  u>rks 
until  we  have  learned  to  swim.  We  are  glad  of  a  sugges- 
tion which  will  for  the  uonce  fill  up  the  gaps  led  by  ob- 
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Mnation,  and  hM  th«  fnct^  intelligibly  together.  And 
botii  BB  suggestiou  udcI  culliji^tion,  HypotbesiB  is  india- 
{tenaftblc.  Imleeii,  every  dijtcor<rif  is  a.  verified  liyjKillie- 
sis ;  and  tbera  is  no  discover)-  until  veriRcitiou  has  been 
gnincd:  up  to  this  point  it  was  a  guess,  wliich  might  Imve 
been  vrroiicous — ■»  torclibcuivr  ecnt  out  to  look  for  n 
milling  child  iu  one  direction,  while  the  child  was  wan- 
dering ill  another ;  ouly  whun  he  finds  the  chUd  cuu  we 
acknowledge  tliat  the  torchbearer  pursued  the  right  path. 
Hypothesis  satisfies  the  intellectual  need  of  an  cxplaim> 
tion.  but  we  must  be  wnrj'  lest  wu  accept  this  fulfilment 
of  a  need  as  equivalent  to  an  enlargement  of  knowledge ; 
wo  must  not  accept  vxplauution  a*)  deinoustnttiou,  and 
suppose  that  because  we  can  form  a  mental  picture  of  the 
possible  stages  of  an  cvoiit,  llit;rcforu  tlii.s  i)ictun;  ropre- 
BeDt»  the  actual  stsgcs.  Lt't  us  be  alert,  forewamed 
against  the  tendency  to  seek  evidence  in  support  of  a 
conclusion,  instead  of  seeking  to  unfold  tiie  conclusion 
step  by  step  from  the  evidence.  To  seek  for  evid«uoc  in 
support  of  ft  ffitcss  is  very  different  from  seeking  it  in  sup- 
port of  a  wnelvaion;  whicli  latter  practice  is  like  that  of 
people  asking  advice,  and  only  following  it  when  it  chimes 
in  with  their  desires. 

114.  Is  not  tlie  warning  needed,  when  we  find  anato- 
mists guifiod  by  certain  "  jihysiologiwil  postulHtcs,"  and 
ctHiseqnently  seeing  only  wliat  these  postulates  demand  i 
For  example,  tbere  is  the  postulate  of  "  isolated  conduc- 
tion" which  is  said  to  rocjuire  tliat  every  ner\"e-fibre 
should  purs\ie  its  course  singly  from  centre  to  periphery. 
Accordingly  tlie  fibres  arc  described  as  uubnmchcd. 
Whatever  may  be  the  demand  of  tlie  postulate,  or  the 
fell  necessity  of  the  deduction,  the  fact  is  that  ncrve- 
tibr«s  do  branch  off  during  their  course  at  various  points ; 
nay,  it  is  doubtful  whether  any  lengthy  libre  is  un- 
brnnclMMl.    Other  pustulates  dviuoud  what  fact  plainly 
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dailies.  It  is  said  to  be  "necessary"  that  eveiy  oell 
should  have  at  least  two  fibres,  aud  that  scusory  oud 
motor  nerveg  shouM  be  directly  counected  tlirougb  tlieir 
respective  cells.  These  things  cwinot  be  sceu,  but  tbey 
are  described  with  unhesitating  preciaioD.  Diagranu  $xe 
published  iu  wliich  the  sensory  fibrvs  puss  into  the  cells 
of  tJie  posterior  horn  of  the  s|Hnal  cord,  and  these  cells 
send  ofl'  prolongations  to  the  cells  of  the  anteiiur  honi, 
and  thence  the  motor  fibres  pass  out  to  the  muscles:  au 
absolutely  impossible  armngemeat,  acconliag  to  our  pres- 
ent data.'  Aj^in,  the  jwaiulate  titat  nerve^force  or^inates 
in  the  cells,  and  that  nerve-fiiiictioos  depend  on  cells,  re- 
quired ibttt  the  cells  should  be  most  abundant  where  the 
function  vias  most  energetic.  Of  course  they  were  found 
most  abundant  in  the  ri'tiuired  places  —  no  notice  what- 
ever being  taken  of  the  facts  which  directly  contradicted 
the  deduction. 

115.  Among  the  serious  obstacles  to  research  we  must 
reckon  this  teudoucy  tu  substitute  Tniagiuaty  Anatomy 
for  Objective  Anatomy.  I  am  conscious  of  the  teiKleacy 
in  myself,  as  I  note  it  in  others ;  aud  have  constantly  to 
stru^le  against  it,  though  not  perliaps  always  aware  of 
iu  Many  a  time  Imve  1  bad  to  reliiKjuish  pLkusible  ex- 
planations, which  would  have  supported  my  speculations 
could  I  but  have  believed  that  they  represented  the  facts; 
but  being  unable  to  believe  this,  I  had  to  remember  that 
hypotheses  and  explanations  appear  and  disappear— only 
the  solid  fact  lives.  If  titers  is  om-  kwson  emphatically 
taught  by  Pbilosopliy,  it  is  Uie  \uiwjsdom  of  founding 
our  conclusions  on  our  desires  rather  than  on  the  objec- 
tive facts. 

IIG.  In  the  following  pages  a  constantly  critical  atti- 
tude is  preserved :  this  is  simply  to  keep  active  the  sense 
of  how  much  is  still  neetlod  to  be  done  before  a  satisfuc- 
toiy  tlicory  uf  the  nervous  system  can  be  worked  out 
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c  objective  difficulties  are  greater  Umn  in  any  other 
d^arUnouC  of  Anatomy.  The  pr»bl«in  is  to  form  a  pnt- 
oiw  (HCture  of  what  tlie  orguiites  fire,  and  of  liow  they 
are  arranged  In  tliv  living  tissue;  yet  our  praKciil  muaiis 
of  investigation  involve  as  a  preliminary  tliab  we  should 
aitrr  that  anuugeiiient,  trnunniiy  »onie  elemcuts  of  tlie 
tiseoe,  and  c/umffimj  the  state  of  othere,  without  knowing 
what  were  their  precise  state  and  arrangement  liefore  tlie 
cbanga  Place  a  piece  of  nervc-tisauc  under  the  micro- 
MOpv,  without  having  suhjticted  it  to  varioUH  mecliauical 
and  chemical  operations,  and  you  ran  see  next  l«  nothing 
of  it»  structitrc.  You  mu.tt  tear  tlie  parts  asunder,  and 
remove  the  fat  and  norvo-sap  (pluituKKle)  before  you  can 
see  anything ;  you  must  coagulate  the  albumen.  an<l  othei- 
vntc  chvintcally  ullfr  the  substances  before  a  tliiti  section 
can  be  made ;  you  must  get  rid  of  the  tissues  in  wliich  it 
is  embedded,  u'itliuut  knowing  what  are  the  cunucctioos 
tlios  desttoyecL  Living  neurine  has  no  grater  consist- 
ence than  cri'aDi,  often  no  grt^iter  tliau  oil.  How,  then, 
can  thin  sections  bo  made  uutU  this  viitciil  Htibflaneu  has 
been  hariiened  by  alcohid  or  aeids  i  Hut  substances 
tltua  acted  on  lose  tlieir  constituent  water,  which  can  no 
more  be  removed  without  alteration  of  their  structure, 
tlian  it  can  be  leuioved  from  certain  salts  without  de- 
,|tniction  of  their  special  properties.  I/wtng  their  water 
•lone,  they  butx)iin;  deformed  They  lose  much  more. 
Sometimes  the  loss  can  l»e  estimated,  as  in  the  case  of 
ttifi  hyaline  subttatue  inveslin;;  tlie  nucleus  during  tlie 
prooeiss  of  segmentation  in  embryonic  cells,  which  may 
be  seen  to  disappear  when  a  weak  solution  of  acid  is  ap* 
plietl.*  At  other  times  we  are  unable  to  say  what  has 
disappeared.  Under  different  modes  of  preparation  very 
differenC  appouaiices  ua  observed,  and  anatomists  an 
ocoomlingly  at  variance.     Yet  unless  some   hardening 

'  BoaiM,  Anat.  a  Fkytiul.  OsUulaira,  f.  333. 
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method  be  adopted  little  can  be  seen '.  Stillinp,  who  has 
given  his  life  to  the  study,  <lt;c1arf:3  that  no  results  are 
ruliable  wlilcli  are  obtained  (zam  the  uuprepared  tissue, 
because  tlie  nieclianica)  isolation  of  the  alemetits  destro>B 
the  lextiiittl  airaiigeineiit*  There  is  one  nielbod  of 
hardening,  and  only  one,  which  we  can  be  certain  does 
not  clieniically  alter  thfi  atnicture,  and  that  in  the  Treezing 
method.  The  exin-rinR-iita  of  Dr,  Woir  Mitchell  and  Dr. 
BichanlsoQ  prove  this,  because  they  prove  that  the  bmn 
of  thi^  living  uiiiniiil  may  be  (Tazun  and  froxcu  aguln  and 
again,  yet  recover  its  vital  activity  when  thawed.  Pro- 
fessor Kuthvrford  hm  invented  nil  adniimble  instrument 
for  makiu';  seetions  of  the  frozen  tissue,  of  any  delicacy 
that  may  be  required;  butwiili  the  tliinnest  section  there 
will  still  be  certain  diHicultios  of  obsenation,  nnlcM  the 
ti^ue  lias  undergone  a  staining  process.  Whatever  is 
seen,  however,  iu  the  IVozen  tissue  is  to  be  accepted  as 
noruiid. 

117.  Two  points  must  be  determined  l>efore  reliance 
can  be  placed  on  observations  of  tissues  cliemically  acted 
on  :  First,  we  must  prove  that  the  forms  now  visible  ex- 
isted before  the  preparation  —  the  chemical  action  merely 
imveiling  them;  secondly,  we  must  estimate  the  ptut 
played  by  the  elements  which  have  been  removed  in 
order  to  make  the  rest  visible.  Wo  know,  for  example, 
that  the  nucleus  often  exists  in  the  cell,  though  an  acid 
may  be  needed  to  niolce  it  visible.  We  also  know  that 
cells  which  during  life  arc  <iuitc  free  from  visible  granules 
are  tlifitincUy  gmnulated  after  death,  even  without  ex- 
ternal chemical  acliuu.  Init^jiuo  the  explanation  of  n 
steam-engine  to  be  attempted  by  first  taking  it  to  pieces, 
and  examining  these  pieces,  with  no  account  of  the  coal* 
and  steam  which  hod  previously  been  removed  in  order 
to  facilitate  the  examination.     When  we  know  tlie  part 

■  SruxiHO,  Bau  der  yrnitnpnmUivIiiueni,  1869,  p.  16. 
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played  hy  coals  uud  sluain,  wv  tnuy  dUiuj^onl  these  iUtms 
of  tlie  active  tnachine-  So  wlicti  we  know  the  part 
pluyvd  by  wntcr,  fat,  amorphous  siibttlnnci;,  ami  jiltuiDode, 
we  may  describe  uene-tissue  without  taking  these  into 
Kccoimt. 

118.  "You  have  convinced  me,"  said  liasacWto  Imlac, 
"that  it  is  impossible  to  bo  a  poet"  My  readers  may. 
perhaps,  infer  from  this  enumeration  of  the  difticulties 
titat  a  knowledge  of  the  minutv  anatomy  of  the  norvoiis 
eyfttem  ia  impossible.  Not  so ;  but  a  knowledge  of  these 
^fHciiltics  should  impress  iis  with  Ihe  necessity  for  n 
vigilant  scepticism,  and  the  searcli  aflor  new  methods.  If 
the  difficulties  are  fairly  faced,  they  may  l>e  finatly  over- 
come. Whul  wc  mnst  resign  ourselves  to  at  present  is 
the  conviction  that  our  knowledge  is  not  sufEiciently  acciu 
rate  to  be  employed  as  a  basis  of  deduction  in  tho  expla- 
nation of  pliysioloyical  and  jpiyclifilogical  processes." 

lid.  Haling  said  so  much.  let  me  add  ihut  there  are 
some  positive  materials,  and  these  yearly  receive  addi- 
tions. Tlio  orj?inilcs  are  diwcriWd  with  a  fji^neral  agree- 
ment as  to  their  composition  and  structure  —  although 
there  is  mach  that  is  hypothctieul  even  here.  Xcuiine  t> 
koovii  under  two  aspects :  the  amorphous  and  the  figured. 
The  figured,  which  is  the  better  known,  eomprises  cells  of 
different  kinds,  fibres  and  fibrils.  The  amorf>liou8,  more 
generally  called  Nffirtylta,  or  ner\'e-cementi  is  less  under- 
stood, and  is  indeed  by  many  authoiitios  excluded  alto- 
geth«r  from  Uic  nen-e-tissne  proper,  and  relegated  to  the 
class  of  connective  tissues. 


•  "There  »■»  a  linMi,''  mj%  KcIi.i.ikkh,  "wliin  I  conGJ^nlly  lidicTnl 
lliat  kh  hypothrtinl  txiilonsliau  of  tli«  aiiung«ii>i<iil  of  rlviii«iibi  iii  lliv 
>|4ii>l  Mini  roiilil  \-f  )(ii>niiilci1  nil  >  Imkik  or  tact ;  liiii  thn  deeper  ni.v 
ttNOglit  into  ihc  minulc  aimlonir,  the  Iru  my  confiilencB  berime :  and 
now  I  am  pemuiUd  tlmt  ihe  tiin«  is  nut  yet  coine  to  rrune  inch  an 
liypotlkuta."  —  OtwtMtkrt.  5U  AoC  UCT. 
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THE  SERVEHJKLL. 

120.  It  is  uufortuimie  th»t  the  term  nervc-ceU  is  ap- 
plied to  organites  of  very  variable  structure.  Nerve-cell 
is  (t  |4i;ucrii;  turm  of  wliich  the  spccica  are  maoy )  uudcr  it 
are  designated  ot;ganites  in  different  stages  —  as  inraa(7. 
childhood,  mid  manhood  are  all  iocludcd  under  Man. 
Most  commonly  by  nerve-cell  is  understood  the  gan- 
glionic corpuscle,  conspicuouA  in  its  size  and  its  prolon- 
gationa,  such  as  it  appeon  in  the  great  centres,  and  in 
ganglin.  It  aI»o  designates  smaller  different  organites. 
sometimes  called  "  nuclei "  (ICeme),  goinetirnes  grains 
(Xom^).  There  would  be  advantage  in  designalin^  tlie 
earlier  stages  as  nftrobloits^  reserving  the  wonl  ctiU  for 
the  more  developed  forms.  Such  a  distinction  would 
facilitate  the  di!»cuaaion  of  whether  nerve-fibrea  had  or 
had  not  their  origin  in  cells ;  bticause  while  I,  for  one,  see 
very  coercive  evjdencii  against  the  accepted  notion  that 
all  the  fibies  have  their  origin  in  the  processes  of  gan- 
glionic corpuscles,  I  see  no  reason  to  doubt  that  both 
fibrt-s  and  corpuscles  have  their  origin  in  ueuroblaats. 
Of  this  anon. 

The  a'll  is  a  oomjKisite  organitc,  the  primary  element 
being  a  microscopic  mass  of  protoplasm,  or  what  may 
more  conveniently  bo  termetl  •nttirnplmm.  It  appears  as 
finely  granulated  and  striated  or  fibrillated  snbstance  on 
a  hyaline  ground,  with  water,  fat,  and  diffused  pigment 
in  varying  cinantitiea.  The  cell  contains  a  nucleus,  and 
nucleolus  —  sometimes  two.  Like  other  animal  cells,  it 
sometimes  has  a  distinct  cell-wall,  sometimes  not  Its 
size  and  shape  are  variable :  sometimes  distinctly  visible 
to  the  naked  eye,  generally  visible  only  under  the  micro- 
scope.*    It  is  round,  oval,  pyramidal,  club-shaped,  pear- 

■  In  UiP  Gaitcropod*  tbo  mUx  nnge  from  SSO  |X  to  3  |i  OisO,001 
iiiilUiniUf). 
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shaped,  or  maoy-cornered.  It  bos  one,  two,  three,  or 
iDUiy  on^j^wths  called  "  processes,"  and  according  to  the 
processes  it  U  known  as  aaipolar,  bipolar,  and  multipolar. 


I 


«,  fifll  pnrta  nnbnnchtd  |«uitki:  IdIb  or  Jninljui  in  uli  rjllndtr,  iha  oUier  ]fro- 
(■MM  an  ftfiDchtrt  ;  h,  jitj^mciiil-    Thii  sudnu  «nil  ituc)Hilo*  ar*  witihla^ 

When  ttiere  are  no  procednes  the  cell  is  called  apolar. 
Some  idea  of  these  procesacs  may  be  formed  if  th^y  are 
likened  to  the  paeudopodia  of  Amo^bie  and  Foramimfera. 


¥ 


Comptte  Fig.  16,  a  nerve^MjU,  figured  by  Gerlach,  with 
Fig.  17,  one  highly  mnguifiv<l,  iu  wliicli  Max  Schultzc's 
hypothesis  is  represented. 

131.  Sucli  is  a  gen«rul  dtacriptioD  of  tlie  iien'e-ccll  as 
it  ta  seen  in  various  places,  and  uiidBi  various  modca  of 
preparation.  How  much  is  due  tu  pn-^mratiun  we  can- 
not poBitively  say.  While  we  always  discover  tihrine 
in  the  blood  after  it  is  withdrawn  from  the  v«ssels,  we 
know  that  fibrinc  as  Huch  does  nut  cxi^t  in  the  circulatini;; 
blood.  And  if  neiiriiie  is  a  semi-lifjuid  substance,  we  may 
doubt  whi-thur  iu  the  living  ocU  it  ii!  Sbrilkted.  Doubts 
have  been  tlirown  even  on  the  normal  existence  of  the 
(granular  siibslAnce,  which  has  bceu  attributed  to  congula- 
tion.  Thus  we  know  that  the  nucleus  of  the  white  blood- 
corpuscle  appears  perfectly  homogeneous  until  subjected 
to  .he«t,  yot  at  a  certain  tomixinitnre  (86*  F.)  it  assumes 
the  aspect  of  a  fine  network.  Haockel  observed  the  hya- 
line sub«tance  of  the  neurine  in  crayfish  become  troubled 
and  changed  directly  any  fluid  except  ita  own  blootbsenmi 
came  in  contact  with  it.  I^ydig  noticed  the  transijarent 
ganglion  uf  a  living  Dapliiiia  become  darker  and  ilarkcr 
as  the  animal  died ;  and  I  saw  something  like  this,  after 
prolonged  struggk's  of  a  Paiibiiia  to  escapt;  from  a  t)ireed 
in  which  its  leg  was  entanj^led.  Charles  Robin,  indeed, 
asserts  that  Uie  possoge  from  the  hyaline  to  the  finely 
granuUted  state  is  a  characteriitic  of  the  dying  coll.*    On 


*  UuiCKn,  i/tt/lcr'j  ArAir,  1SS7.  LBTDto,  V«m  Sau  dfi  (hieri- 
ttfint  KiTjifn,  isat,  I.  Si.  Fonis,  Atuit.  tl  nytiot.  ailulaira,  p.  S». 
Shonld  tbr  ob»rratioii>  of  IlEtTtUAKX  be  confinnwl.  llifK  noold  be 
KKalid  for  beluving  that  nTurini>  a  nomiiiny  lilirillnlrd.  Hr  ia}n  that 
lilt  llvlnit  Iirala|ilaMn  Jii  the  Aniirbn,  wliltn  blnml-t^nriiiiiRlo,  He.,  U  uii 
cxcnnvFljr  linn  iiFtBork,  which  amdonHB  into  gmimlu  at  nch  Fontrais 
tion.  <atnl  in  the  JtJiraiifnditi  Mer  Anal,  wnd  Fhsmot.,  IS^S,  B<l.  11.) 
WAtmKR,  who  DxanilniHl  (mirn  hraiTu,  drurribn  ilm  crIU  m  iiitflv  tnmi- 
pMtnt  It  lint,  with  very  r»ro  granuUi,  but  grndiully  whilo  uniler  aliMr- 
ralian  Uw  gnaalF*  tic<am«  nion  numsrouB.    Cealraaiali,  IStiH,  p.  (59. 
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the  other  hati<i.  it  »houlil  be  ooted  tJiat  Max  Sclittltw  dc- 
•ctibes  a  BbriUated  ap[)euaDC8  io  ccJls  just  removed  from 
the  living  animal,  and  placed  in  serum. 

When,  thi-refore,  odv  obtervcr  ilc»>nlies  tlic  neuroplasm 
ta  being  clear  as  water,  another  as  tineltr  granular,  and  a] 
tliiid  as  fibrillatcd,  n-e  must  conclude  tint  tlia  ofann«- } 
tiona  refer  to  cells,  1°,  under  different  states  of  vitalization, 
or,  2*.  nnder  difibrent  modes  of  prtjiaraiioD.     On  the  Qnt ' 
head  we  not«  that  some  nerve-celU  are  so  pertshaUu  that 
TliDciMM  dMlarw  he  could  find  no  celU  in  the  ganglia 
of  a  cuttlefiah  which  bad  been  dead  twciity-four  houn, 
tlUMugh  they  were  abniiduit  to  one  recently  killed  *    On 
the  second  head  n-e  note  that  the  chaises  wrought  by 
modes  of  prr-poration  caaoot  be  left  oat  of  consideration. 
Aucrbach  notices  that  the  cells  and  libns  apparent  in  th« 
fttsttu  m^tHtrriem  after  an  acid  baa  been  applied,  cannot . 
b*  detected  before  that  application  —  nothing  is  visibto] 
but  a  pale  gelatinous  network,  with  here  and  there  kttO(«  { 
of  a  paler  hue;  and  I  remember  my  sorprise  on  exam- 
ining the  fre<ih  spinal  coni  of  a  iluck-embryo,  and  fiudiog 
no  tracfc  of  Wills  such  as  I  had  that  vciy  morning  seen  in 
the  cord  of  a  chick  of  earlier  date,  but  vriiich  liad  been 
soaked  in  weak  biehromat^  of  potoslL     Now  we  havB 
excelloDt  grounds  for  believing  that  in  both  coses  these 
oi^gnnites  were  present,  and  that  it  was  the  rca^nt  which 
disclosed  tlii^ir  jtresence  in  the  cbick ;  and  so  in  other 
cases  we  must  ask  whether  tho  forms  which  appear  under 
&  given  uiodo  of  preparation  are  simply  unmaaixd,  or  arc 
in  truth  produced  by  Uie  reagent  i    Tliis  ({uesliou  we  cod 
rarely  answer. 


Aoconling  to  MjLOTItlfsa,  Btitnji  mr  KanlniM  dir  morpM^ptelM 


Stammie  drt  iVtrvmuyiltiiu,  18SS.  p.  41,  n«iriii«  hu  thiM  ardiiiiJ  foraw 
—  trwuiwrmt,  flnriy  (rrannlar,  »nd  fionnfljr  jrnwnUr. 

■  TiirxcHue,  StruUura  Jet  titlema  naTraa  dti  C^^potH.  FlonnoF, 

1898,  p,  7. 
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If  one  or  tlie  very  large  c«lla  be  taken  from  the  gan- 
glion of  n  living  mollusc,  nti<l  be  j^entljr  pressed  till  it 
bursts,  tlie  tlischiirged  contents  will  be  seen  to  be  of  a 
hyaline  viscid  substance,  with  Hiie  granules  but  no  tmce 
of  Sbrefl.  Yet  we  inuat  not  rashly  geiicraliae  from  this, 
itnd  det;lar«  that  in  the  vertebrate  ovib  Uie  siilisl-anee  is 
not  aUo  libnllatcd.  Aa  a  good  deal  of  speculation  restfl 
on  the  assumption  of  the  tibrillat«d  cell-coQlenla,  1  have 
Chonght  it  worth  while  to  note  the  uncertainty  which 
hovers  loand  it 

122.  Among  the  uncertainties  must  he  reckoned  the 
queHtion  as  to  the  cotl-proc«9ses.  The  exist^nc^o  of  aj>oIar 
and  unipolar  celLs  ia  flatly  denied  by  many  wrilera,  who 
assert  that  Ihv  uppetiTauces  are  due  to  the  fragility  of  the 
processes.  Fragile  the  processes  are,  and  evidence  of  tlieir 
liaving  been  broken  off  meet  us  in  every  preparation ;  but 
the  denial  of  apolar  and  unipolar  cells  seems  to  mo  only 
an  example  of  the  tendency  to  substitute  hypothesis  for 
obsen'ation  (§  114).  The  "jyostulftte"  which  some  seem 
to  regard  aa  a  "  necessity  of  thought "  that  every  nerve- 
cell  shall  have  at  least  two  libres.  one  ingoin;;,  the  other 
outgoing,  is  allowed  to  override  the  plain  evidence.*  It 
origiRated  in  the  fact  first  notiort!  by  Winner  anil  Cliarles 
Robin  that  certain  cells  in  the  spinal  ganglia  of  Ushes  are 
bipolar.  The  fact  was  rapidly  genetallxed,  in  spite  of  its 
not  being  verified  iu  otkrr  places ;  the  generalf^lion  waa 
accepted  because  (by  a  strange  process  of  reasoning  ruu' 
ning  counter  t«  all  phvAiological  knowledge)  it  was 
thought  to  funu«ti  an  elementary  illustmtion  of  the  re- 
flex 1^)0688.  As  the  centre  had  its  ingoing  and  outgoing 
ttervc.  BO  the  cell  was  held  to  be  a  centre  "  writ  small," 


*  An  pmiDCDt  frifQtl  of  mias  vaa  one  il>j  inaittiii^  to  in«  tliiit  th<  |>li;*- 
Magical  I"i«tulal<^  nuiil^  it  impooibtr  for  •  iiitV»-»11  to  bn  nitliout  Itl 
lajpilnil  >nd  oDtftoIng  fibrei  ;  in<l  1ip  wm  not  «  littU  lutound^d  when  I 
repUad,  "Oamtinto  myirorkreom  uiA  I  will  ihow  you  ■  thounuiL" 
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aiiil  required  lU  two  fibres.  No  one  puusvd  to  ask,  how  a 
CK'W  ]'1;ki'i1  in  ilie  true}:  of  an  ingoing  nerve  could  fulfil 
thiH  ulike  <>i'  K  iv'flvx  cviitrc ;  no  oni:  6U[iiK>i»ed  that  llie 
portiou  of  tJie  sensoiy  libre  wlticli  contiuucd  its  course, 
dflLT  the  iiilcmiptioii  of  the  cell,  was  a  motor  fibi-e. 

What  doea  Ohservation  teach  ?  It  teaclica  tlmt  at  firet 
all  nervc-c«ll»  are  apolar.  Even  in  the  cortex  of  the  cere- 
brum, where  (unless  wo  iiicludo  the  nuclei  and  grain-like 
corpuscles  under  cells]  all  the  cells  are  Jitially  multipolar, 
there  is  nut  one  which  hus  a  process,  up  to  the  Hcveatli  or 
eighth  day  of  iucuhation  (in  the  chick) ;  from  that  dajr, 
and  onwards,  cells  witli  one  process  appear;  later  on, 
cells  with  two,  and  later  still,  with  three,  Bj-  this  time 
all  the  ai>olar  cells  have  disiippcured.  They  may  there- 
fore be  n-gurd<;d  us  colls  in  their  infROcy.  However  that 
may  be,  we  urnat  accept  the  fact  tliat  apolar  cells  exist; 
whctliL-r  they  can  co-operate  in  ucunil  funclious,  is  A 
question  whicli  must  he  decided  after  the  mode  i>f  opera- 
lion  of  cells  is  placed  heyonil  a.  doubt, 

123.  If  apolar  cells  are  einliryouic  forms  of  cells  which 
aftorwards  become  multipolur,  this  interpretation  will  not 
suffice  for  the  n»i|)olar  cells.  They  are  not  only  abun- 
dant, but  are  mature  forms  in  some  oigans,  and  in  some 
animals;  though  in  some  organs  they  may  truly  be  rc- 
yariled  iw  (irubryonie.  Thus  in  the  human  embryo  up  to 
the  fourlli  montli  all  the  cells  of  the  spinal  cord  are  Mid 
to  be  unipolar,*  later  on  they  I>ecome  multipolar.  But  in 
bird.fl,  mbbits.  dojjs,  and  even  man.  the  cell.s  in  the  spinal 
ganglia  are  mainly  (if  not  wholly)  unipolar  ;t  nor  is  there 

*  EicitHoRAT  in  HnAmci  ^rrhir.  1875.  LXIV.  p.  4H. 

t  At'EKIIACH  {t'tber  dneH  PItrui  MycntrrititA,  1882)  d(*erib«B  tlw 
RanjtliH  M  Kllnl  witli  u|>ulBr  cf  lis,  niiicirjg  ulitcli  only  n  few  ur  iuii|>al>r. 
StIEDA  (('ftitmlJurmiTiiiiliin  ,lrr  I'bfcl,  18BS)  fimlH  Iwlh  »i>riI«r«iiJ  nnj- 
p«Ur  i'f1I«  in  Ihr  i<|)iiiBl  gan^^tiit  of  lijrdi.  Akuaxx  (/m  OaMyliimm 
Sgitrmalii  Structurii  iicniliori,  IStT)  wyi  Ihp  tpinil  c«11s  are  kU  uniiiuUr. 
ScHWAUie  {Archh/Or  mtkn*.  Akoi.,  1869)  knd  ConivolslUt  (•AM<i 


I 
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f  (Uificulty  in  observing  the  same  fact  in  th©  oesopha- 
geal ganglia  of  [doUuscr  (see  Fig.  22). 

Such  arc  tli«  oWrvnlious.  Tbey  tiaro  indeed  been 
forced  into  agreement  with  the  bipolar  postulate,  by  the 
a^iimptioii  tbat  thu  »iriglu  proei-ss  brenchcs  into  two,  one 
aflorcnt,  the  other  eflefeat.*  But  before  making  observa- 
tion thus  pliant  to  suit  liypothesis,  it  wouKl  be  well  to 
look  more  closely  into  the  evidt-ncu  for  tlit.-  byjioUtesis 
itself.  For  my  own  part,  I  fail  to  see  the  justification  of 
tlie  postulate ;  wburfos  the  uxisU-ncu  of  uniiKilar  cells  is 
an  obtervution  which  has  been  amply  verifii-d. 

124.  Dipolar  cells  abound ;  multipolar  cells  are  still 
more  abundant ;  and  tbusc  arc  tliu  cclb  found  in  the  gray 
substance  of  the  neural  asia  Deitcrs,  in  his  epoch-mak- 
ing M'ork,t  propounded  an  hypothelic  Kkema  which  has 
been  widely  scccptvd.  Finding  that  tlt»  large  cells  in 
the  anterior  horn  of  the  spinal  cord  gave  off  processes  of 
diffcicnt  kinds,  one  branchfd.  the  other  unbranctied,  Ii» 
held  that  the  latter  process  was  the  origin  of  the  axis 


I 


164II)  mj  tlio  Btnr.  So  alto  RAivTin,  CvmpUa  Jtimdui.  1S75.  Kai.Li- 
KBR  {0<iitbeUArr)  spfiku  dcdtliHlIy  in  TitTor  of  both  spolnr  anil  iinipoUr 
eilli,  but  think*  tlw  *|>iiUr  irv  «inbrj''>i>iC'  fAOLiAMi  {Susyiii  >utU>  SUUo 
MmattAlU  CsgnUioni  dilla  FUiologia  iatorno  aX  Sittrma  nervono,  M73), 
"■ho  rrjinunta  the  noiri  of  MuLt3L*iioTT,  uliniu  tho  ciiitcncp  of  npolar 
kn<t  iiiijtxiltr  nllv;  T)ia  mittiun  junt  cited  are  tboie  1  hapi-cii  to  lisva 
bdotp  niF  diiriiiK  the  rcvritEng  of  tliU  chaptvr.  And  ih«  tifC  'iiEkIiI  oudly 
be  MtrniUd  if  nHfirnl.  AuoiaAcit,  ItinDEH,  and  Sciiivrinueu-SEinM. 
d«*cTib«  uuipolv  cvlli  whidi  in  wmc  pluiCfa  pr««cit  the  uiprct  of  bijioUr 
edb  limply  b«cau*»  two  mIIs  lie  togelhnr,  tlicir  tiugle  polv«  Living  op- 
pmite  dtfrclioni.  1  irill  adil  tl»t  the  htpaliu'  rgII*  iIo  not  iraWy  mnin 
llw  phr*'"'''?''^'''  iDt'TptFtntioii  a  whit  more  «uy  than  tbt'  uiiipciinc,  for 
they  an  timply  cdl*  wliich  lurm  «nlMigeiuenU  in  Iba  courw  of  tlxr  ourv«- 
libtTa. 

•  Wlicm  Di.  Br^AI.e  «y»  "  that  it  ii  proI»bIe  no  n(TVF.f»II  Pxuta  which 
ha*  only  oiw  tingle  fihn  connrcti'il  witli  St "  (Fi"jilajnn,  y.  ISA),  )i«  ht* 
no  doubt  tlili  in  bin  ntln-l  ;  >>i)ini-  hn  woald  not,  [  prMiime,  deny  that 
there  an)  mIU  «kch  oith  n  lin^lc  prorrsi. 

t  Dsirciui,  Vnlrrmchunan  liber  Othirn  wid  BtdtmiiutTlt,  IMS. 
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cj^inder  of  a  nen-e-tibro,  wbeieas  the  bnuichod  pneeK 
■vn»  piotoplaaiu  wliich  divided  aud  subdivided,  and  fonned 
Uic  conii(.-cli<Hi  betwwn  one  cell  ami  aiioilicr.  (lerlacb  has 
modilied  Uiis  by  supposing  thut  tlie  miDuU.-  fibrila  of  th« 
bniiiduiig  process  niunite  aiid  form  an  axis  cylinder  (Kg. 
18).  There  is  uo  doubt  tliat  soiuo  processes  U^nulnate  in  a 
Sue  network ;  and  there  is  a  (H^bability  (not  more)  that 
the  uubmiic'liud  procws  in  always  continuous  with  the 
axis  cylinder  of  a  motor  nerve,  as  we  know  it  aomcliotes 
'is  with  that  of  a  d*jk -bordered  fibre  in  the  white  sub* 
stances.  ITiIb,  tliough  probable,  is,  however,  very  for 
from  havti^  boen  demonstrated.  Once  or  twice  Kolliker, 
Max  Schultze,  and  Gerkch  have  followed  tins  unbrancbed 
process  m  fw  a*  tliu  root  of  a  motor  oer^'e;  and  they  infer 
tliat  although  it  could  not  be  tniced  further,  yet  it  did 
really  join  an  axis  cylinder  thera  In  support  of  this  in- 
ference came  the  obscn-ali<ju»  of  EuacheunikofT,*  that  in 
the  cerebrum  ami  cerebellum,  processe.*  were  twice  seen 
continuous  witli  dark-bordered  nervo-fibres.  But  the  ex- 
treme rarity  of  such  observations  amid  tliousauds  of  cells 
ia  itself  a  ground  for  hesitation  in  accepting  a  generalized 
interprelHtiou,  tLv  iuor«  bo  uuce  ve  have  Henle's  obsei'- 
%-ation  ot  the  similar  entrance  of  a  brancitcd  process  into 
the  roott  Now  it  must  l>e  reawmbered  that  tiie  branched 
process  is  by  no  anatomist  at  preseitt  regarded  as  the 
origin  of  the  axt.t  oylinder;  so  that  if  it  can  enter  the 
root  without  being  the  origin  of  a  uerve-librL-,  we  are  not 
entitled  to  assume  that  the  entrance  of  the  unbmiiched 
])rocus9  has  any  other  significanco  (on  this  head  compare 
§  145),  especially  when  we  reflect  that  no  trustworthy 
obserxer  now  professes  to  liave  followed  a  nerve-fibre  of 
the  posterior  root  right  into  a  multipolar  ceU.     Figures, 


*  AnAtT  /lir  mutrni.  Attal.,  ISI1S,  p.  !1T. 
jtrrMiv/tr  fxvAiatrir.  1872.  p.  SSI 
+  Henle,  Ncmnldii-e,  1871,  p.  S8,  Kig.  !l. 
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indeed,  have  been  published  vrhicli  show  this,  and  much 
vise ;  but  ouch  tlgui'e.i  are  diagrams,  not  copies  of  what  is 
seen.  They  belouj;  to  liiiaylnury  Anatomy,  •  Th<i  re- 
lation of  tlie  cell-process  to  the  uerve-libre  will  be  dis- 
cussod  anon. 

1^5.   A  word  in  pafisiii(;  on  the  contradictory  assertions 
respecting  the  anaatomoais  of  nerve-celis.     That  the  gray 


ot  usIUng  two  «Ui ;  it,  bnnctalnc  proctw. 

substance  fornia  a  continuum  of  Home  kind  is  certain  fVom 
the  continuity  of  propo^ntiou  of  a  stimulus.  But  it  is  by 
no  means  certain  that  one  cell  is  directly  united  to  its 
ncitjhlwr  by  a  cell-process.  Kniinent  autlioritii-^  assert 
that  such  direct  union  never  takes  place ;  others,  that  it 
u  a  rare  and  insigntlicant  fact;  othei's,  that  it  is  conBtant, 
and  "demanded  by  physiological  postulates."     I  will  not, 

*  'Wliflii  men  of  irni:)i  experience  utA  «kill  tm  KuLURr.R,  ItinnKn, 
OOLi,  nnd  LiKKHAin  Claukk  dcctan  th«t  Ihcy  Imvti  iu'vcr  ««u  a  cell- 
jirocpsii  pEUM  djivttl^  into  a  dnik-bordotnl  flbre  in  ibc  nDlFrior  root,  wliat 
■TO  vr  ti)  miy  In  Htii-li  lijOirr*  urn)  ilwcHptiuns  ws  tho«'  givcu  in  t\it  work* 
of  BniiiouRH  vAK  iirii  Koi.k,  GRATioLKr.  it)i<I  I.i'vni  Kivn  illdmch 
■rmigvmmts  fiiat,  no  tnnaTFrH  hot  longiludinal  noction  could  diiplaf 
ihrm.  owiiiK  to  the  diUViinit  \'Uni'i  nl  wlilch  Ih«  Sbm  tmter,  and  tb* 
length  Had  imgulnrit;  of  their  couno. 
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in  tlie  prescnc*  of  distmct  nffirrnations,  venture  to  deny 
Hbal  such  appearances  as  are  presented  in  Fig.  19  may 
occaaiouiilly  be  observed;  tlio  more  >o  M  I  have  myself 
«0(!n  (whaps  half  a  doiea  soTnewhat  similar  caaea  ;  but  it 
is  the  opiiiimi  of  Deiters  and  Kollilter  tliat  all  such  ap 
pearances  are  illtisory.*  Granting  Umt  such  connnctiona 
ocfur,  \vi!  cannot  grant  this  to  be  the  normal  mode ;  espe- 
cially now  the  more  probable  supposition  is  that  the  con- 
nection is  normally  established  by  means  of  the  delicate 
ramifications  of  the  branchiiij^  processes. 

Iniayiriary  Anatomy  has  not  been  coutent  with  the  cella 
of  the  anterior  honi  being  thus  nnit«d  together,  to  admit 
of  united  action,  but  has  j^oac  further,  and  sup]>osixl  that 
the  cells  of  the  posterior  Imni,  k'iiides  being  thus  united, 
send  off  processes  which  unite  thum  with  tliv  colls  of  Uio 
anterior  horn  —  and  thus  a  pathway  is  formed  for  the 
traitsniission  of  a  sensgry  iiuprcMioii,  and  ila  conversion 
into  ft  MioUii-  irnpidse.  What  will  the  reader  say  when 
informed  that  not  only  lias  no  eye  ever  beheld  such  a 
pathway,  hut  that  the  first  step  —  the  direct  union  of  tlie 
sensory  iRTVL'-fibro  with  a  coll  in  the  posterior  horn  —  is 
confessedly  not  visible  ? 

126.  Thi- foregoing  criticisms  will  [)erhaps  disturb  the 
reader  wlio  has  been  accustomed  to  theorixe  on  the  data 
given  in  tcxt-ltooks;  but  he  may  honccforwanl  b«  more 
cautions  in  ticccpting  such  data  as  premises  for  deduction, 
and  will  look  with  suspicion  on  the  ninny  theories  which 
have  arisen  on  so  unstable  a  basis.  \V1ien  we  reflect  how 
completely  the  modem  views  of  the  nervous  sj'stem,  and 
the  physiological,  pathological,  and  psychological  expla- 
nations based  on  these  views,  are  dominated  by  the  cur- 

*  Long  ikftpr  UiD  text  wii  trritton,  VTiluok  published  In  VinXot^t 
Ardiiv,  187ft,  LXIV.  \\  163,  obncrvatioiii  of  DtinatamoNa  ahlch  nvon 
KftLUKeii  iitniltUul  to  If^  iiiKli'iiiabk.  Y<^t  <iul  uf  ijxly-four  prc|uratioiii. 
■mid  bundriKli  of  cctli,  he  could  only  reckon  «vcn  tnet  of  coujunctiun. 
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rent  notions  of  tlie  ncne'Cell,  it  ia  or  th«  Last  itn[)ortance 
Iliat  »-e  sliould  fairly  I'aci;  tht  fad  tlmt  at  jutswut  oiw 
knuwlcifie  even  ot  the  structure  of  tlie  nene-ccU  is  ex- 
ttetuel)'  imperfect ;  and  our  kiiowlt^lge  of  tlie  part  it  {'lays 
—  it«  aimUmiical  relations  and  its  functional  r«latioas  — 
ia  little  more  than  guesswork  I 


THE  NERVES. 

127.  Wo  now  pass  to  tlie  second  ordor  of  oi:gfuiites; 
Mid  Iwre  our  exposition  will  be  leu  ttoul^d  by  hesita- 
tions, for  although  th«re  in  still  nmcli  to  be  learned  about 
the  structure  and  couui'ctious  of  tlie  iieno-fibn-s.  tlwjrc  it 
alao  a  solid  foundation  of  accurate  knowledge. 

A  neTvc  ia  a  bundle  of  fibnts  within  a  uiembmnous 
envelope  supplied  with  blood-vBuela.  Each  fibre  has 
uIhu  its  sc))amte  sla>atli,  liaviu-j  aunukr  cuuBtrictious  at 
various  internals.  It  is  more  correctly  named  by  uiauy 
French  UUttomtats  a  ucivv-tube  rather  than  a  uervo-,/£^«; 
but  if  wo  continue  to  use  the  term  fibi-e,  we  must  reserve 
it  for  those  organitcs  which  have  a  mombrauous  sheath, 
and  thereby  distin<>ui»h  it  from  tlie  more  delicate  JUril 
which  has  none. 

The  nvrvo  tube  or  fibre  is  thus  coustituted :  within  the 
aheath  lies  a  central  band  of  neuropla.sm  identical  with 
the  ueuropUsiu  of  ner\  e-ivlls,  and  known  as  the  oris  c^- 
inder ;  surrounding;  this  band  is  an  (envelope  of  whitish 
substance,  variously  styled  mydiiK,  maiullar>i  shtaih,  and 
tchite  sttiutante  of  Schwann- :  it  is  closely  similar  to  the 
chief  coDStituent  of  the  yolk  of  egg.  and  to  iU  presence 
is  due  the  whitish  color  of  the  fibres,  which  in  ita  absence 
arc  grayish.  The  axi.'i  cylinder  must  be  understood  as 
the  primary  and  essential  element,  bocauso  not  only  are 
there  uorvu-fibrila  destitute  both  of  sheath  and  myeline 
)-et  fulfiUing  the  oHlce  of  Keurility,  but  at  their  tertai- 
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DBtions,  butli  ill  centres  aitd  iit  mus* 
cles,  Uw  iiene- fibres  otwaye  Iok 
8)i««th  and  iiiyeliuv,  to  prescne 
oiily  the  neuroplasmic  tliieAtli  of 
wbich  the  kxU  ryliiukr  ia  said  to 
be  cotDpQsed.  In  tlio  lowest  fialios^ 
in  Uie  iuveilulirutL-s,  utid  iu  l\ut  so- 
colled  Hympnthetic  tibres  of  verte- 
brates, Uicrc  is  either  no  inyeliae, 
or  it  ia  not  separated  from  the  neu- 
roptaani. 

128.  Neri'e-fibpesarcof  twokinds 
—  1'-  The  liark-burdrrtd  or  wtdttl- 
laty  6bie«,  wliti:))  tia^i;  bul)i  sheath 
aod  myeline,  ua  in  tJie  peripheial 
system;  or  oiily  myuliiK-,  without 
the  sJieatb,  as  in  tlie  central  sys- 
tem. 2°.  Tlio  non-jncduUar^  fibres, 
which  have  the  sheath,  without  ap- 
preciable myeline  —  such  an;  tho 
fibres  of  the  olfactory,  and  the  pale 
fibres  of  the  uymputlietia 

Nene-fibrils  are  nearoplasmic 
threads  of  exlrvnte  delicacy,  visible 
only  under  high  nia^ifying  powers 
(71H)  -  800).  which  abound  in  tb« 
centres,  where  they  form  uetworka 
The  Ubrils  iilso  form  the  tfimiiua- 
tigns  of  Uie  fibres.  Many  llbrUs 
•le  supposed  to  be  condensed  iu 
one  axis  cylinder.  Tliis  is  repre- 
■entcd  by  Max  Schultze  in  Figs. 
17  and  20. 

129.   A»  may  readily  be  imag- 
tt*n«iiiii»T>tw»>;  I'.h'Ii'^  ioed,  tlic  sciui-litiuid  tiAlurc  of  the 
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neuroplasm  Uirows  almost  insuperable  difficulties  in  the 
way  of  accunttcly  ilt^lcnninin;^  wliclher  tin  axis  cyliu- 
der  in  the  living  nerve  U  tibhllated  or  not;  whether, 
iiidcod,  any  of  tlie  aspects  il  piescDts  in  our  prcpata- 
tions  are  nonnaL  Authorities  are  not  even  agreed  as  to 
whether  it  i«  a,  pre-existent  solid  ban<l  of  hoinogeneoii$ 
Babstance,  or  a  bundle  of  primitive  fibrils,  or  a  pro- 
duct of  coagulation.*  Rudanovsky's  obaeri-ations  on 
frozen  nerv-es  convinced  liim  that  the  cylinder  a  n  tubuie 
with  ]i<)»id  contenta-t  My  own  investigations  of  the 
nerves  of  iost-cts  and  molluscs  incline  me  to  tlie  view  of 
Dr.  Schmidt  of  New  Orleans,  namely,  that  the  cylinder 
axis  consists  of  itiinut«  gmnulcvt  arranged  in  rows  lUid 
united  by  a  homoj;^neous  interfibrillar  substance,  thus 
fonning  a  bundle  of  granular  fibrils  enclosed  in  a  delicate 
slicath  J  —  in  other  words,  a  streak  of  neoroplosui  which 
has  a  fibrillar  dispoeition  of  its  granules.  We  ought  to 
expect  groat  varieties  in  such  streaks  of  neuroplasm ;  and 
it  h  quite  conceivable  that  in  the  Rays  and  tlie  Torpedo 
thcnj  arc  axis  cylindtra  which  are  single  fibrils,  and  others 
whicli  are  bundles,  with  finely  granulated  interfibrtllnr 
Bulw  lance,  § 

Tlio  fibres  often  present  a  varicose  aspect,  as  repreaente<l 
ID  Hg.  21.  It  is,  however,  so  rarely  observed  in  the  fresh 
tissue,  that  many  writers  regard  it  (as  well  as  the  doable 
contour)  as  the  product  of  preparation.  {|  It  is,  indeed, 
always  visible  after  the  application  of  water. 

•  Sco  tho  hirtory  given  in  Rrtti.TNo'g  liwmf"!  worlc,  UdnriUn  Ban  lUr 
NtrvcnprimUiv-FoMT,  p.  34  ;  and  compare  SUx  SciiiaTse,  Dt  JtOiiut 
Slriulura,  [i.  S,  and  Bau  der  NaeenxAleimlMut,  p.  Sfl  ;  Waldetei!,  iii 
tho  Zeiltehrijt  fir  raZ.  JUfiL,  1S63  ;  LlnTEn  and  TunKKk,  ObnmxUioivi 
on  tAe  StnieCuTv  af  Xtron-Fibra,  in  Quarterly  Uicroi.  Jmirnal,  180O  ; 
IU9ITIU,  io  tho  jTf&ivade  PKyiiolegie,  \Vt% 

t  Virduiue*  Ar^iv.  IWl,  LXXEI.  p.  1»3. 

t  limMs  Journal  «/  Micra.  Sciaur,  1874,  XI.  [>.  114. 

S  Babijchim.  CmtralblatI,  ISSS.  p.  7SS. 

II  F.Tcn  Hit  I'TiiiniMit  nn  ftiiilinrity  at  W.  Ka^IjaB  holdt  this  botli  vitli 
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Wti  need  sty  do  mure  at.  present  respecting  the  struc- 
ture of  nerve-fibres,  except  to  point  out  lliat  wo  have  hcie 
an  or^mitc  not  teas  coui{ilex  thau  the  celL 


pl^  tL  —  Knit-jnrM  fro"  l\t  vh<U  nbttiua  if  On  erTtftrum.    o,  b,  a.  Ill*  bmAdI- 
liT  ntfMM  imMCd  out  of  tbo  lube  h  lt»eDlar  draia. 


TOE  NEOROGLLL 

130.  Besides  cells  and  fibres,  thero  is  tho  amorj^ua 
mhstanrr.  which  constitutes  a  great  part  of  the  central 
tissue,  and  also  enters  largely  into  the  peripheral  tissue. 
It  consists  of  finely  granular  substauca,  and  a  network  of 
excessively  delicwte  fibrils,  with  nuclei  tiiterspcnted.  Its 
cliaracter  ia  at  present  sub  judice.  Some  writers  hold  it 
trt  be  nervous,  the  majority  hold  it  to  be  simply  ooe  of 
the  many  forms  of  connective  tissue :  hence  its  name 
neumglia,  or  nerve-cement 

rpgnnl  to  tha  Taricose  upccl  uxd  the  iloulile  oontour :  ITmidiniek  dtr 
mnuchliclien  ^natomu,  iSTB,  I.  3fi>.  IIi7T«ciii.i,  liowtrar,  dtscriboi  the 
■MTVm  In/  Kving  Nirtriat'xlu  lut  variRiwe  :  Arfhiv/ir  A^nt.,  1S73,  ji.  76  : 
nnd  I  hate  umewliDni  mnl  nith  an  oIiMTvulian  of  the  double  contour 
bpiiig  vijiibli  in  the  tiring  MiiiiiaL 

IS*  E 
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In  tbe  convolntjons  of  the  frozen  bntin  Waltbcr  finds 
the  celts  and  fibres  imbedded  in  a  structureless  semi-flnid 
subslancf  wliolly  free  from  granule^ ;  tlie  gianulvs  only 
appear  there  vrht-n  cells  have  been  criuslicd.  It  is  to  this 
substance  he  attributes  the  fluctuation  of  the  living  brain 
under  the  touch,  like  tlmt  of  a  nintur«  abscess ;  the  solid- 
ly which  is  felt  after  death  is  due  to  the  coagulation  of 
this  siiVKttnncc-  Unlmppily  we  hnve  no  means  of  deter- 
mining whellicr  the  network  visiblB  under  other  modes 
of  in  vest!  gilt  ion  is  present,  although  invisible,  iii  tJiis  sub- 
stance. The  ncurogliii,  m  it  appeiirs  in  hardened  tissues, 
must  therefore  be  described  with  this  douht  in  our  minds. 

If  wc  examine  a  bit  of  ceutntl  giay  substance  where 
the  cella  and  fibres  ore  sparse,  we  see,  under  a  low  power, 
a  network  of  fibrils  in  the  nieshis  of  which  lie  uer^-e-cclls. 
Under  very  high  powers  wo  see  outside  these  cells  an- 
other network  of  excessively  fine  fibrils  embedded  in  a 
granular  ground  snbstance,  having  somewhat  the  aspect 
of  hoar-frost,  according  to  BolL  It  is  .su)>[)0.scd  that  the 
first  network  is  formed  by  the  ultimate  ramifications  of 
the  iicrvc-cell  processes,  and  thnt  the  second  ii  formed  by 
ramifications  of  the  processes  of  conHtctive  cells.  lu  this 
gmnulnr,  gelfltiuouii,  fibrillar  substance  nuclei  appear,  to- 
gether with  small  multipolar  cells  not  distin<,'uis)iable 
from  nerve-cells  except  in  being  so  much  smaller.  These 
nuclei  are  more  abundant  in  the  tissue  of  young  auimole, 
and  more  abundant  in  the  cerebellum  than  in  the  cei«- 
brum.  The  ginunlar  n.'<pcct  pradoniinateii  the  fresher  the 
specimen,  though  there  is  always  a  network  of  fibrils ;  so 
that  some  regard  tlie  granules  as  the  result  of  a  resolution 
of  the  fibrils,  others  n-gard  the  fibrils  as  the  linear  crys- 
tallization (so  to  speak)  of  the  granules.* 

•  CuTOur,  jtrtACp  fkr  Piyrhiatrk.  tBrs.  p.  604.  »t*t»«.  Iliftt  lh« 
gTBnalBr  «ub«U[l(^s  hu  the  clifnilcnl  nmpmitlon  of  mffline.  If  Ibfii 
b(i  »o,  WD  latiy  auppoK!  thn  "  fibrlU  of  ct^aUUintiou  "  to  reprtacnt  llii! 
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131.  Such  is  the  aspect  of  tiie  neuroglia.  I  dare  not 
venture;  tu  rormuktc  nn  opinion  un  tlii;  iiistologianl  qoes- 
tion  whether  this  amorphous  subetaticc  is  neural,  or  partly 
nettml  (tml  jmrtly  connective  («  subsMnoc  which  is  poten- 
tially hoth,  according;  lo  DcittPB  and  Ilenle).  or  wholly 
connective.  The  question  is  not  at  present  to  bo  an- 
swered ilccisi\'oly,  bocnust:  whut  is  known  a»  connective 
MnM  baa  b1«o  the  three  forms  of  mulUpotar  celU,  fibrils, 
Mkd  UHVpbnw  suhiiitance ;  nnr  U  thi>re  any  decisive  mark 
by  which  these  elemenb;  in  tlie  one  can  be  distinguished 
fponi  elcmontA  in  the  other.  The  phyaical  and  chemical 
eompoftition  of  Xeurog^lJa  and  Neuroplasm  are  as  closely 
allietl  iL»  their  inorphologicftl  structure.  And  although  in 
the  later  stages  of  development  the  two  tissues  arv  mark- 
edly di.'<tiTii>ui^liBl>!e,  in  the  early  sta^  every  cRbrt  has 
foiled  lo  fumisii  a  decisive  indication."  Connective  tissue 
is  dissolved  by  solutions  which  leave  ner\'e-tis9Ht9  intact 
Can  we  employ  tliis  as  &  decisive  test  ?  Xo,  for  if  we 
took  a  section  of  the  apinal  card  in  one  of  these  solutions, 
the  pia  maler  and  the  memhmnous  »cptA  whidi  nkniify 
from  it  between  the  cells  and  fibres  disappear,  leaving  all 
tlie  Itist  unaltered.  Tim  proves  that  Neuroglia  i.'«  nl  any 
rate  chemically  different  from  ordinar)'  connective  iLsshc, 
and  more  allied  to  the  nervous.  As  to  the  gtaining 
process,  so  much  relied  on.  nothing  requires  fjrcaCer  cau- 
tion in  it«  employment.  Stie<la  found  that  the  same 
parts  were  sometimes  stained  and  sometimes  not;  and 
Manthner  observed  that  in  somn  cells  both  contents  and 
nucleolus  were  stained,  while  the  nucleus  rcmatiictl  clear, 

EoaguUllon  of  tlio  >»UUtic«  wMoh  U  li>  tolnlion  utiiil  llio  niyrKnc  Knui- 
n!**.  anil  corrMponilii  wllli  Ihc  mis  cylimlpr  of  «  fSbrr.  I  nifiy  mmwk 
that  in  Kltnoil  tvcry  good  preporation  nerre^wlli  will  be  foand  in  whteh, 
whilr  ont'  [jruueas  i«  diitiiictly  gniiuliir,  anuthsr  U  ■trialiKl  or  *mt 
ftbrilUtml. 

•  Doll,  Die  Ili^iologie  vnd  Uistiogcnem  dernertibm  Cmtralargane. 
ia  Um  Arehiofar  PiyAialrii,  lilt.  p.  il. 
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in  other  cells  Ui«  couteuts  reniained  clear ;  arid  some  of 
tlie  axis  cylinders  were  stained,  the  others  iiotv*  Lister 
fouiKl  tlittl  the  connective  tissue  between  the  llbrea  of  the 
sciatic  aerve,  aa  well  as  the  pia  maUr,  w«n;  sluincd  like 
the  axis  cylinders;t  "I'd  in  one  of  my  notes  there  is  the 
record  of  both  (siipposdJ)  connective  cells  and  nervfr-cells 
being  stained  alike,  while  the  ncrve-tibres  and  the  (sup- 
jMwed)  connective  fibres  were  iinstnined,  Whence  I  con- 
clude that  the  supposition  as  to  tlio  nature  of  the  one 
group  being  different  from  that  of  tlie  other  was  imten* 
able,  if  the  staininf;  tcjft  is  to  be  held  dccisiva 

132.  The  histological  rjuesUon  is  raised  into  undue  im- 
portance because  it  is  supposed  to  carry  with  it  piiysio- 
logical  cousequGUccs  which  would  deprive  the  neuroglia 
of  active  co-operation  in  neural  processes,  reducing  it 
to  the  insigniticniit  jiosilton  of  u  mechanical  support  I 
cannot  but  regani  this  as  due  to  the  mistaken  tendency 
of  nnalyticid  interpretaliun.  which  somewhat  arbitrarily 
fastens  on  one  element  in  a  complex  of  elenienls,  and 
assigns  that  one  as  the  sole  agent.  Whether  we  call  the 
neuroglia  connective  or  neural,  it  plays  an  essential  part  in 
all  neural  processes,  probably  a  more  important  part  than 
even  the  nerve-cuUs,  which  usurp  esclusive  attention ! 
To  overlook  it,  or  to  assign  it  a  merely  meciianical 
office,  seems  to  me  as  im physiological  as  to  overlook 
Mood-senim,  and  recognize  the  corpuscles  at  tho  only 
nutrient  elements.  The  notion  of  the  neuroglia  being  a 
mere  vehicle  of  support  for  Uie  blood-vessels  arises  from 
not  distinguishing  between  tho  alimental  and  iiislru- 
inental  oHicea.  In  the  function  of  a  IJmb,  bone  is  a  co- 
operant.  In  tito  function  of  a  centre,  connective  tissue 
15  a  co-operant ;  so  that  even  if  we  acknowledge  neuroglia 

•  Snrn*,  Slurftra  fl&tr  das  Centntlnen-cntyilem  tUr  Vigtt,  1668,  p. 

M.      MaITTIIMMI,  Op.  Ell.,  p.  4. 

t  Ti^Ksea  and  Luctkb,  Op.  oU.,  p.  8. 
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to  be  a  spcoinl  furtn  of  connective  tissue,  it  is  an  agent  in 
neural  processes;  ivkat  its  ag«n^  is,  will  be  hereafter 
coiisii.ler(:d. 

Following  Bidder  and  Kupffcr,  the  Dorpat  school  pro- 
clutnied  the  whole  of  Ihe  gray  substance  of  the  posterior 
half  of  the  spiotd  curd  tu  ht  connective  tissue ;  and  Dies- 
8>g  maintained  that  the  n-hole  of  the  retina,  except  tb9 
optic  fibres,  was  connective  tissue*  Evi-n  tlioae  anato- 
mists who  regarded  this  as  cxagj;«rated,  admitted  that 
connective  tissue  largely  ewters  into  the  gray  snbstance, 
especially  if  the  granuliir  ground  substance  be  reckoned 
B9  connective,  the  nerve-celLi  being  vm-  Bpnree  in  the 
posterior  region.  Be  it  so.  Let  as  admit  t!mt  the  gray 
matter  of  the  frog's  spinal  oord  is  mainly  composed  of 
neuroglia,  in  which  a  very  few  mnttipolar  ncrve-cella  are 
embedded.  Wiat  must  our  conclusion  be  ?  Wliy,  that 
flinco  this  spinal  cord  is  proved  to  be  a  centre  of  ener- 
getic and  manifold  rdlex  actions  —  even  to  the  extent  of 
forcing  many  investigators  to  attribute  sensation  and  voli- 
tion to  it  —  this  is  proof  that  connective  tiasne  docs  the 
work  of  nerve-tiBSue,  and  that  the  neuroglia  is  more  impor- 
t«nt  tlian  nervc-ceHs! 

Tliree  hypotheses  are  maintainable —  1".  The  neuroglia 
is  the  amotphous  ground-sul)Statice  of  undeveloped  tissue 
(neuroplasm)  out  of  which  the  cells  and  fibres  of  iierve- 
Ussue  and  connective  tissue  are  evolved.  2°.  It  is  the 
product  of  dis-solved  nerve  cells  and  fibres.  S".  It  is  the 
undeveloped  stage  uf  connective  tissue.  For  physiologi- 
cal purposes  we  may  adopt  any  one  of  these  views,  pro- 
vided vre  keep  firm  hold  of  the  fact  tliat  the  neuroglia  is 
an  essential  clement,  and  in  the  centres  a  dominant 
element  To  make  this  clear,  however,  wc  mnst  inquire 
more  closely  into  the  relations  of  the  three  elements, 
nerve-cetls,  fibres,  and  neuroglia. 

«  Bliuio,  JJt  lUfiiLa  StriuiKra,  1817. 
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133.  In  enumeratiDg  among  tlie  obstacles  to  reaearcli 
tb«  tendency  to  snhslitute  hyjmthetic  (ieiliielious  ia  pliice 
of  objective  facU,  I  had  oiicciiilly  iii  my  mind  the  wide- 
reaching  inltticnce  of  t!ie  reigning  theories  of  the  wcrve- 
celL  Had  we  a  solidly  established  tlioory  of  the  cell, 
equivalent,  say,  to  our  theory  of  gas-presaure,  we  should 
still  need  caution  in  allowing  it  to  override  e\uct  obser- 
vation ;  but  insecine  n.H  our  data  are,  and  hypothetical  as 
ate  the  infeifiices  respucling  the  pait  played  by  the  cell, 
tliii  nilianco  placed  on  deductions  from  aiich  premises  is 
notliing  less  tlmn  stipci'stitiou.  8cienc«  will  Uiko  a  new 
atart  when  the  whole  question  is  reinvestigated  on  a  pie- 
liminary  setting  aside  of  all  that  has  been  piecipitatoly 
accepted  respecting  the  olHce  of  the  cell.  This  exercise 
of  ttiv  imagination,  even  should  the  reigning  theurics 
subsequently  ht>  confirmed,  would  not  fail  to  bring  many 
neglected  fuct«  Inlo  their  rightful  place. 

I  am  old  enough  to  remember  when  the  cell  held  a 
v«ry  subordinate  posiijnu  in  Ncnrologj".  and  now  my 
meditations  have  led  me  to  return,  if  not  to  the  old  views 
of  the  cell,  at  least  to  sometliing  like  the  old  estimate  of 
its  relative  importance.  Its  existence  was  f^mt  brought 
prominently  forward  by  Elircuberg  in  1834.  who  de- 
scribed its  presence  in  the  sympathetic  ganglia ;  and  by 
Kemak  in  1837,  who  describctl  it  in  the  spinal  ganglia. 
For  some  time  afterwards  the  ganglia  and  centres  were 
said  to  contain  irregular  masses  of  vesicular  matter  which 
were  looked  on  as  investing  the  fibres ;  what  their  office 
was,  did  not  appear.  Itut  Uiei-e  rapidly  arose  tlie  belief 
that  the  cells  were  minute  batteiies  in  which  " nerve- 
fwicc  "  was  developed,  the  fibres  serving  merely  as  con- 
ductors.   Once  started  on  this  track.  Hypothesis  had  free 
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way,  and  a  sort  of  feticbistic  deiBcation  of  the  cell  in- 
vested it  Willi  mirnculotut  jiowers.  In  niiitiy  works  of 
ix'puto  wc  meet  wiili  scnlcincnts  which  may  fitly  taJce 
their  place  beside  the  equally  grave  Btat«iiit.'iit3  iiiude  by 
SftvitgtM  rv8|ii-i:tiii^'  the  hidden  virtuos  uf  sticks  and  stones. 
We  find  the  nerve-cells  credited  with  "metaholio  powers," 
which  enable  them  to  "ftpintualizo  iiiiprcssiunK.  and  ma- 
terialize idfiw,"  U)  trans/orm  suniiatioaa  into  movenients, 
and  elaborate  sensations  into  thoughts;  not  only  bavo 
thvy  this  "I'lfmurkabli;  nptitiidu  uf  uiutithulic  lucul  uctioit," 
they  can  also  "net  at  a  distance."  •  The  savage  believes 
that  one  pebble  will  cure  dl^ieases,  and  another  render  him 
victorious  in  war;  and  tlicrw  aro  physiologists  who  believe 
that  one  nerve-cell  has  sensibility,  another  niotricity,  m 
third  instinct,  a  fourth  emotion,  a  fifth  reflexion:  they 
do  not  say  this  in  so  many  wonlfl,  but  they  aasign  to  cells 
which  differ  only  in  sizo  and  sha])L',  specific  qualities. 
They  describe-  sensatiunul,  omotiontil,  ideational,  synipa- 
tlietic,  refiex,  and  motor-celU ;  nay,  Sch^ider  van  der 
Kolk  goes  so  far  as  to  specify  htuiger-cuUs  and  thirst- 


*  Lrm,  /InAtrvAM  mr  It  Si/tUmt  atrmvx,  MS,  p.  2S7.  In  a  rKeot 
tni  rtuuirVMr:  trrallv  llio  ttiidcnt  la  lafnnnod  llial  "|>liu  titm  crltulo 
Mt  diergie  cl'iin  rWc  punmiPCit  Tn^c«tiit|ue  plu*  «lle  ot  roliiminfmie  ; 
pitii  I'adf  iiu'cllc  i>ro(liiit  tniil  ^  rvvftii  uti  oucacti^n  pi^hiquB  plus  vtto 
nt  ptUto"  ;  to  luovv  ■  limb  Uin  •irjit/iti-nt  of  Iliv  ui^reVnil  cells  muit 
maUfialiM  it$tlf  more  and  morF,  "  II  n  brmin  i!c  puuc-r  pnr  il>-»  chIIuIm, 
de  miNiu  CD  itiDini  ■(lirituollci  vX.  At  pliu  cii  plim  matiirk'Ura.  .  .  .  .  Db 
aliM  twur  Irs  c«11uIm  MORitiviw.  L'iiiiiiiHKiiuii  I'xli'rii'ure  m  rn  w 
modfftuit,  en  M  Kplritiuliaant,  de  k  p^riphArl*  au  MUtnt.  .  .  .  .  Un 
phfnomitic  do  I'ordra  spirituel  ne  iMiniit  drvenir  miu  tnnstjon  an 
pli^omtnv  it'ordn'  pliysi'|nv."  And  wliitt  is  tliia  inxrTvUouo  tnriiiitiun 
bttwwin  KpirittiAl  aii'l  pliyxii-itl  I  It  \t,  tlin  actinn  of  infiUum.<<lii'd  nclt* 
vhich  "trovniUpnt  In  vibration  rrfuc.  La  modiBcat  do  fiii;an  a  lui  ulcr 
de  Bon  Kpirituntuiue  vt  &  Iii  rnppiwhirr  davtintaga  dM  JliniiilpiiLi'iit*  pliy- 
RlquM,"  I  will  not  nonio  thu  ekliioabla  author,  Ucautr  )ii'  \*  nimply 
KrtAtinit  what  nuuiy  othcn  implicitly  or  explicitly  tench  ;  but  I  will 
only  ask  the  reader  to  \rf  'and  ralixt  in  tliou{;ht  tli«  proous  thiu 
dtKrilwd. 
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cells.*  With  whnt  grMe  can  these  writer*  Ifttigli  at 
Scholasticism  7 

1S4.  Tlic  Iiypotliesis  of  llic  n«rvc-cell  as  tlie  fouiitiun 
of  nerve-force  is  supported  by  the  gratuitous  hypothesis  of 
cell-suhatanc'C  haviiig  {jrcater  chemical  tension  and  molec- 
ular instability  than  nerve-fibre.  No  evitlence  lias  been 
fnmisbed  for  this ;  indeed  the  only  exiicriuit-ntal  evidence 
bearing  on  ttiis  point,  if  it  has  any  force,  seems  directly 
fttivei'su  to  the  hypothe-sis.  I  allude  to  the  expcrimcnta 
of  AVundt,  whicli  show  that  the  faint  stimulus  capable 
of  moving  a  muscle  when  applied  direclly  to  its  nerve, 
must  be  increased  if  the  excitation  has  to  pass  through 
the  cells  by  stimulation  of  Uie  scneory  Derve.|  Wundt 
interprets  this  as  proving  that  the  cells  retard  cveiy  im- 
pulse, whereby  they  are  enabled  to  store  up  latent  force. 
The  cells  have  thus  the  ollice  of  locks  in  n  cniial,  whicli 
cause  the  shallow  stream  to  deepen  at  particular  places 
I  do  not  rcgiird  this  inteiprctatioii  as  satisfactory;  but 
the  fact  at  any  rate  seems  to  prove  that  so  far  from  the 
cells  nianifosting  grealor  instability  than  the  Shnu,  they 
manifest  less. 

135.  The  hypofhesia  of  ncrvc-forcc  being  developed  in 
the  ganglia,  gr.iitually  assumed  a  more  preciae  expi'es'iioii 
when  the  ner\"e-cells  were  regarded  as  the  only  irajxtrtmil 
elements  of  u  ganglion.  It  has  become  the  fonndation- 
stone  of  Neiirolog)-,  therefore  very  particular  care  should 
be  taken  to  make  sure  that  this  foundation  rests  on  clear 
and  indisputable  evidence.  Inst«ftd  of  that,  there  i."*  ah- 
Bolutely  no  evidence  on  which  it  can  rest;  and  there  is 
much  evidence  decidedly  opposed  to  it    Neither  struc- 

■  SciiitODnt  VAX  Dm  KoLK,  PaOnloyie  dtr  (IriitfAranliheiUii,  IS8S. 

t  Wdnpt,  Plii/iiali'jiifAf  P»ijchel«^  y.  301.  In  \ti»  Mnhanik  dtr 
XerttA,  2  .<*(A.  (publiihcd  jmt  u  tliU  ihcot  is  t;oi"S  lo  prras).  l"  shmra 
tli]it  ■  ttiiiiulus  u  Uitli  nturJiil  uid  wrakcDCd  in  its  p>Miig<.-  Ihruugh  h 

ganglion. 
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The  cells  an  seea  to  vaiy  in  size,  bot  in  all  tbcto  is  a 
rim  of  neuroplasm  sunoondit^  the 
lai^ge  nucleus,  and  from  this  neuro- 
plasm Uie  fibre  is  seen  to  be  a  pro- 
loiigBtioD.  Tbc  dotted  subautice  in 
the  oentte  is  tlie  neoroglisL  Except 
in  tJte  po«»c8sioD  of  a  nucleus,  there 
is  obviously  here  no  ussoiitiul  diETer- 
encc  iu  the  stnictare  of  cell  and  fibre: 

Now  compare  this  witb  Fig.  23,  rep- 
resenting  three  fibres  from  the  audi- 
tor)' ^er^■c. 

Here  the  cell  substance,  as  Max 
Scliiiltzc  remarks,  "is  n  couUuuulion 
of  the  axis  cylinder,  and  encloses  the 
uacleus.  TheincdulUicoinrDonlyccaKS 
at  the  poiut  wtiere  tlie  axis  enters  tlie 
cell,  to  reappear  at  its  exit;  but  it 
sometimes  atretohes  across  the  cell  to 
enclose  it  also:  so  that  such  a  ^m- 
^lioii  eel!  M  in  truth  simply  the  nn- 
cleated  portion  of  the  cylinder  axis."' 
There  are  many  places  in  which  fibrea 
are  thus  found  with  cells  inserted  in 
their  course  as  swellings:  in  the«pina] 
[•aiiffliu  of  fishes  these  are  cflHed  bi- 
polar cells;  they  are  sometimes  met 
with  even  in  the  cerebellum ;  but 
oftener  in  pGripIicrul  uorves,  where 
they  are  mostly  smalt  matses  of  gran- 
ular ne«roi>Ia«m  from  which  usually  .^z!Tl!Z^^. 
a  brnnching  of  tlie  fibre  takes  place,  it""''":  ^  o«  wUnUtM- 
The  point  to  which  attention  is  aUled  .b^aT"  ' '" 

*  Tkikciiuie  alio  layi  that  tho  flbm  "pniv«ti|p>iio  ililla  collal«  •■ 
nsn  joti  allTO  (Ac  i  Imv  }'Tolun}am4iUi  o  poli."  —  Op.  dL,  p.  13.     An 
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is  that  in  some  caciea,  ir  not  in  all,  the  nerve-fibre  is 
Btnictrtrally  contiiiuoHs  with  ihc  cell  contents.  The 
two  organitea  —  fibre  and  celt  —  differ  only  aa  regards 
the  nucleus  and  pignieiiL  Haecket,  who  affimis  that 
in  the  crayfisli  {Asi<irus  JtuvialilU)  he  never  saw  a  cell 
which  did  not  contiuue  as  a  iibre,  thinka  there  h  til- 
wajs  a  marked  »i'tjar»tion  of  the  gntiiular  substance 
from  its  "  hyaline  jirotoplasm ,"  and  that  only  this  latter 
forms  the  axis  cyliyder.  But  althougli  my  oWn-aliuns 
agree  with  tiiis  as  a  (teiieral  fact,  1  have  seen  even  in 
orayfisli  the  granular  suljsluuc«  prolonged  into  the  axis 
ejlinder;  and  in  other  animals  the  granular  substance 
is  tVeqoently  discerniljle. 

Indeed  it  may  be  said  that  anatomists  are  now  tolera- 
bly unanimous  as  to  the  axis  cylinder  being  identical 
with  the  protoplasmic  cell  substance.  If  this  bo  bo,  we 
have  only  to  recall  the  principle  of  identity  of  property 
accompanying  identity  of  structure,  to  conclude  that 
whatet^  prvpertks  tec  tusign  to  the  etlb  (imless  we  restrict 
tJiese  to  the  nucleus  and  pigment)  u-c  m\ut  at*ign  to  the 
axit  cylindert.  We  can  therefore  no  longer  entertain  the 
iiopothesis  of  the  cells  being  the  fountains  or  reservoirs 
of  Xeurilily ;  the  \mi  so  when  we  reflect  that  cells  do 
not  form  the  hundredth  part  of  ncrvc-lissuc:  for  even  tho 
gray  substance  bears  but  a  small  proportion  to  the  white ; 
and  of  the  gray  substance,  Hocle  estimates  Uiat  one  half 
is  fibroas,  the  rest  is  partly  cellular,  portly  amorphous. 
Those  who  derive  Nenriiity  from  tlie  cells,  foi^et  that 
although  the  organism  begins  as  a  cell,  and  for  some 
weeks  consists  niainly  of  cells,  yet  from  this  time  onwards 
there  is  an  cver-incrt-asing  prepondL-rance  of  OL-ll-deriva- 
tives  —  fibres,  tubes,  and  amorplioua  substance  —  and  cor- 

ui]«|uivo«il  cxitinplc  is  Mcn  in  llio  T«rpiA>,  wlum  Iho  largo  cell»  ht\t 
nu:h  th«ir  prulolifiDlinn  runliniiiiig  without  Intrmiptlnn  inio  tli«  «1*c- 
Ulial  ortian.  Sec  the  liguti!  givcD  by  Beichenheih  in  the  ArtKiv  fOf 
Anat..  1878,  Hcfl  VI. 
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Bospondiug  witb  this  i»  the  ever-iacR'^iug  pon-w  and 
complexity  of  tlie  oi^pmUni- 

136.  Fruui  ttiiullitT  puiiit  of  view  we  uiust  ivjuct  lh« 
bypotliesis.  Not  only  does  the  evideocv  which  points 
to  the  cs3«aU«l  conttuuity  iu  structure  of  nerve  cell  an<l 
libre  disciedit  the  uotiou  uf  tticir  phy^ulugicul  dlvcnsily, 
hut  it  is  further  supported  by  the  tact  that  although  the 
whole  nervous  system  i«  struvtuniUy  coutiiiuous,  an  iiii- 
menae  mass  of  norve-fibres  have  bo  immediate  conoectioii 
with  gtui»Uuiiic  cells:  —  iivithur  spriuging  from  nor  t«r- 
minatiug  iu  auch  cells,  tlieir  activity  cauuot  be  ussigued 
to  thc-m.  To  iiiauy  rcadc»  this  atat«ueut  will  be  start- 
ling. They  have  been  ao  accustomed  \m  heur  thjit  every 
fibre  begia«  or  termitiatea  iu  a  cell,  that  a  doubt  thrown 
on  it  will  sound  pomdoxicaL  But  ibuiv  la  tui  oquivoque 
here  which  must  he  got  rid  of.  When  it  is  said  that 
every  fibre  has  its  "  origin "  in  a  cdl.  l\m  luuy  be  true 
if  origin  mean  iU  potiU  of  drjtarCurc  tn  evoiulion,  for 
"cells"  are  the  early  forms  of  all  olenites i  but  ulliiuu<;h 
every  oi^ganite  is  at  liist  a  cell,  and  in  this  sense  a  nerve- 
fibre  must  be  said  to  origiuatv;  In  a  cell,  we  must  guard 
gainst  the  equivoque  which  aruscs  from  calling  tlto 
highly  difTerentiutcd  urganit*.',  usually  designated  gangli- 
onic cell,  by  the  same  name  as  its  starting-point  On 
this  ground  I  suggi^t  the  term  neuroblast,  in  lieu  of 
nerve-cell,  for  the  earlier  stag&s  in  the  evolution  of  cell 
and  fibre.  llotJi  Embryology  and  Anatomy  seem  to  »\u>v 
thai  cell  and  fibre  are  organites  ditferenliated  from  iden- 
tical neuroblasts,  with  a  somewlmt  varying  history,  so 
that  iu  their  final  stages  the  cell  and  fibre  liave  con- 
spicuous differences  in  form  with  an  underlying  identity ; 
just  a.t  a  male  and  fcmulu  organism  starting  from  identi- 
cal ova,  and  having  essential  characters  in  common,  are 
yet  in  other  characters  conspicuously  unlike.  The  uml- 
tipolar  cell  is  nut  necessarily  the  origin  of  a  nen>'e-fibre. 
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although  it  is  probttbld  tliuL  soinv  sliurt  fibres  tiAVti  thoir 
urigiu  iu  the  pralongationa  of  cells.  .<Vlthough  the  latter 
point  h(ui  uot,  I  think,  beeu  dali»lactorily  estahlished, 
except  in  tlie  invertebmU,  1  see  no  reosou  whatever  to 
(loubl  it»  prubabilily ;  what  seems  the  lea^t  reconcilable 
with  (he  evideuce  is  tbu  iioliou  lliut  uU  fibres  urisc  us 
prohj II Rations  from  ganglionic  cells,  instead  of  arising 
iDdcpiuiduDtly  us  ditfciviitiatiouit  fcuni  neuroblasts.  Tliv 
leader  will  observe  tiiat  luy  objection  to  the  currnat  view 
is  purely  aitutomictil ;  for  the  curr«nt  view  would  suit  my 
physiological  interpretations  equally  well,  and  would  be 
equally  irrecoiieilable  with  the  hypolliesis  of  the  cell  as 
the  source  of  Nuiiriiity,  so  long  as  ttw  id«Dtily  of  struc- 
ture in  the  axis  eyliiiiler  aud  cell  contenta  lb  uiidispuled. 
137.  Thv  vviduucu  nt  present  stands  thus:  There  tue 
numerous  multipolar  cells  which  have  no  traceable  coii- 
iiccliou  with  ueivL-hbri's;  nud  fibres  which  have  no 
direct  connection  with  niultijjolar  cells.  B)'  the  first  L 
do  uot  raeuii  the  di»put«:d  aiK>lar  ixlU,  I  lueuu  ix\U  tu 
the  gray  substance  of  ilio  centres  wliich  Rend  olf  pro- 
ccsaes  that  suMivide  and  terminate  as  Hbrils  in  the  net- 
work of  the  Xeuroijlia  (Fi(j».  16,  18).  tt  is  iudecd  gen- 
erally a».tumed  that  tliese  liave  each  one  process  —  the 
Kxis-cylindor  process — which  is  prolonsed  as  u  ncrvo* 
fibre ;  uor  would  it  be  prudent  to  assert  that  such  is 
iwvvr  thv  cast;;  though  il  would  be  diffictiU  to  dtstiu- 
goish  between  a  fibre  which  had  united  with  a  process 
and  a  fibre  which  was  a  prolongation  of  a  pmct^^s,  in  both 
cases  the  neuroplasm  being  identical.  I  only  ui>;e  that 
ihe  assumption  is  grounded  not  on  anatomical  evidence> 
but  on  »  supposed  necL-ssary  postulute.  All  that  can  ba 
demonstrateil  is  that  some  processes  terminate  in  excea- 
sivcly  fine  fibril.'* ;  and  occa.'tionally  in  thou.saiida  of  spooi- 
mens  proceiises  have  been  traced  into  dark-bordered  fibres. 
It  is  true  that  they  often  present  sppeaiauces  wkieh 
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fasve  led  to  tbe  infetcoec  that  Um^  £d  so  terminate  -> 
appemnces  m  dee^tira  thai  G<4gi  umI  Azadt  faide- 
pendeaUy  Mcetd  otwenatin—  of  mbrmehri  pnoeases 
baring  the  aspect  of  axis  eylitiden  being  pnlaiiged  to 
a  comidenble  distaaee  (600  ^  in  ooe  case),  yet  these 
veto  found  to  teminate  iw(  in  a  dark-bonkicd  fibre,  but 
in  a  network  of  fibcils.* 

138.  While  it  is  tfans  doohUnl  whether  daric-bordeted 
fibrea  an  always  inunediatelr  CMipectad  with  cdls,  it 
n  deoionstnble  that  moltitodea  of  fibres  have  only  an 
indirect  connection  witli  cells,  being  devekqwd  as  out- 
growths from  other  fibres.  Dr.  Ik^  considers  that  in 
each  such  outgrowths  have  their  orijpn  in  small  nouro- 
plasmic  masses  (his  "germinal  matter").  That  is  an- 
otlier  qnestion.  The  fi(A  here  to  be  insisted  on  is  that 
we  often  (ind  groujit  of  cells  with  only  two  or  three  fibres, 
and  groups  of  fibres  where  very  few  celte  exist  SchnJ* 
der  vsn  dcr  Kolk  says  that  in  a  sturgeon  (A<ripciiKr  ttu- 
rio)  weighing  120  pounds  he  found  the  spinal  cord  scarcely 
thicker  than  that  of  a  frog ;  the  moscles  of  this  fish  are 
enonnous,  and  its  motor  nerves  atxindaDl;  yet  these 
nerves  entere*!  the  cord  by  roots  no  thicker  than  a  pig's 
bristle;  and  in  the  very  little  gray  matter  of  the  cord 
there  was  only  a  cell  here  and  tiiere  found  after  long 
search.  Are  we  to  suppose  that  these  tsre  cells  were  the 
origins  of  all  the  motor  and  eensory  nerves  ?  A  aimilar 
want  of  correspondence  may  be  noticed  elsewhere.  Thus 
in  the  spinal  cord  of  the  Lamprey  my  preparations  show 

*  QoMr,  Sulta  UruOura  cUtla  Kufaiiu  jriiia  dtt  Ctrvtth.  kSJfm, 
Arfhiv/ir  atJavt.  A«at.  1870,  p.  V6.  Klatiflkuhcii  a1«a  trMn  thnr 
)>r(K'«*M*  into  lh#  nooroglia  (ibid.,  I8T2,  p.  *53)-  "  liritm,  Ht>dd»erl. 
aai  other  oburrira  h«VB  irtated  thnt  one  dnrk-bonltrKl  ntrre-fibrr 
•nten  iiu^h  cell.  ....  Ky  own  obaunrstioni  l«ud  mi'  to  conclu<]«  thitt  <il/ 
tho  libra)  ant  «ompoMd  of  the  uma  ai»U'iia\,  but  that  onn  Titiro  iloo  not 
Uiriilc  until  it  hai  paacd  toina  dlitBDco  from  the  cell,  while  other*  pir 
dTbnuiclittinucbdoMrtoSt."— Ueale,  Bicplitm,^.  ISB. 
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Tcry  few  aSia  'm  bii;  of  the  sectioBS,  uttl  nti 
tioos  show  Booe  at  bIL  Stieik  coonted  mdy  eight  to 
ten  c«Ib  in  eacb  bom  of  eoow  oeseoos  fidies.  except  kt 
tlie  |dMCs  wbere  the  9|»iial  nuts  txaetgA  Id  tfae  ed 
ftod  Dotl  be  foaod  porta  of  lb«  conl  quite  bn  from  oella, 
and  ID  otlier  parts  fijUDd  tvo,  three,  oerer  mon  than  ten. 
In  l>[nls  be  conated  from  twcnty-fiTe  to  thirty.  Pu*- 
ticolar  attentioo  is  caHed  to  this  fact  of  tbe  eel's  conl 
being  tboa  defideot,  because  evciy  one  knows  the  ener- 
j^ttc  reflex  action  of  that  cord,  each  separate  segment  of 
which  respoods  to  peripfaenl  stimolalioa. 

It  may  indeed  be  urged  that  these  few  cells  were  tbe 
origin  of  all  the  fibn«,  tlu:  latt«r  having  multiplied  by 
tbe  well-known  process  of  sabdirinon ;  and  in  snpport 
of  this  view  tlw  tad  may  be  cited  of  the  colossal  fibres 
of  the  electric  fishes,  each  of  which  divides  into  fi>'e-«iid- 
tweiity  f^\lTVi,  and  in  tbe  dectric  cel  each  fibre  is  said  by 
3iiLx  Scholtze  to  divide  into  a  million  of  Sbrib.  Bat  I 
interpret  thi*  fact  otherwise.  It  »eems  to  me  to  prove 
nothing  more  than  that  the  neuroplasm  has  diflereuttated 
into  few  celLi  and  many  fibres.  And  my  opinion  is 
grounded  on  the  evidence  of  Development,  presently  to 
be  adduced.  If  we  find  (and  thi»  we  do  fiitd)  fibres 
making;  llicir  appcorancv  anywhcro  Ix/ore  mnltipolur  cells 
appear,  the  ([uestion  is  settled. 

139,  Dr.  Beulo  R-fjards  the  laijjc  caudate  cells  of  the 
centres  as  different  organitea  from  the  oval  and  pyriform 
cells,  and  thinks  tbey  arc  probably  stations  thmugh  which 
fibres  having  different  origins  merely  pas*,  and  chauge 
their  dirMliuns;  and  Max  Scbulue  aays  that  no  single 
fibril  has  been  fnund  to  have  a  centra]  origin ;  eveiy 
fibril  ariies  at  the  periphery,  and  passes  through  a  cell, 
which  U  thus  crossed  by  different  fibrils.*  (Comp.  Fig.  17.) 

•  DnALK,  Biopfium,  |i.  ]77.     &Lut  Scrvltxe,  ia  Sridxr*  ffaaJiar^ 
p.  IM.     Camp.  SriLLIM).  A'trmprimUi^Famr,  p.  133.     JLrxdt,  .^fe*(r 


288 


THE  PIIYSICAt  BISIS  OF  UJUiD. 


Ttio  tciicluiig  of  Development  is  ou  ibia  point  of  su- 
preme importance.  Unhappily  tliere  has  not  >-ct  been  a 
sutticit^iil  collection  of  nty^tL-iiiutic  olutervations  to  enalilo 
us  to  s|>eak  vco'  cuiitidently  its  to  tlut  successive  singes, 
but  some  ne^tive  evidence  Uiere  ia.  The  changes  uke 
ploco  wilb  ^eikt  nipiility,  aiid  Uio  eurlivst  stu^e^t  have 
hardly  been  observed  at  alL  Ahhough  for  several  suoces- 
sive  years  I  watched  the  duvelopiuuut  of  tadl>olt»,  Uie 
difficulties  vrcre  so  great,  and  tJie  appearances  so  i>erplex- 
ing,  that  the  only  Itciiofit  I  derived  was  that  of  being  able 
the  better  to  iniderstaiid  the  more  successful  investi^- 
tions  of  others.  Four  or  five  days  after  fecundation  is  the 
curliest  period  of  which  1  have  any  recorded  ubsurvalion  ; 
at  this  period  the  cerebral  substance  appeared  as  a  finely 
gPMMlar  matter,  baviiig  numerous  liue^  of  segnieutaliou 
marking  it  oif  ioto  somewhat  spherical  and  oval  inaases, 
interepersed  with  large  granules  and  fnt  globules.  Here 
and  tliere  hyaline  substance  appeared  between  tlie  seg- 
meiitji.  Similar  observutioiia  huvc  since  been  recorded  by 
Charleii  Itobin  in  the  eariie-H  fttaj^c*  of  the  Triton.*  He 
Uj's  ibal  when  the  external  gills  presented  their  fint 
indications,  nuclei  apiveai'cd,  each  siirronuded  by  a  I'im  of 
hyaline  substance,  fi-oni  which  u  pule  lilamcnt  was  pro- 
longed at  one  end,  sometimes  one  at  both  ends,  and  thi$ 
filament  .subdivided  as  it  grew  in  k-iigtli  until  it  hud  all 
the  appearance  ol'  an  axis  cylinder.  This,  however,  he 
says,  is  a  strtatioD,  not  a  fibrillation  ;  he  rufus<-s  to  admit 
tJiat  the  axis  cylinder  is  a  bundle  of  fibrils.  He  further 
notices  the  simultaneous  appearance  of  amorphous  sub- 


J^flAna  ^Ho/..  14es,  [I,  &lSi  tni  una,  v.  SS7.  Weighty  lui  iImm 
•athotitiw  ve,  their  vinw  i>  quutiMUitile  —  flntly.  Wiiuw  thnfoniuof 
tiutt  mUs  are  too  cunitntit  anil  dr£nite  in  [uirtioular  |iU<.'«  (o  rwult 
ftom  tiw  union  of  fibrilxrniiiitiKftvfflT*Tioiu  oriKinH;  but  iircuuiU;,  and 
iDiluly.  bifoiLiw  llip  tprifliinn  of  Dovdopmnnl  i»oppo»cd  to  it. 
•  Itoiiis,  J,uu.  ct  fhiiiioL  Cellulmrca.  p.  S33. 
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'I'ttdw  this  is  iierpnil  days  before  there  u  any 
ttWeVrf  i'pia  mattr,  or  proper  connective  tissue,  he  urges 
this  among  the  maoy  considerations  wliicli  should  prevent 
the  iJ«ntiflcation  of  neuroglia  with  connective  tissue. 

In  a  very  young  embryo  of  a  mole  (I  could  not  deter- 
mine ita  age)  the  cort4;x  of  the  hemispheres  showed 
gnnular  ainoipbons  substance,  in  which  wltc  embedded 
sphericsl  masses  of  somewhat  paler  color,  vhicli  had  no 
nuclei,  and  were  Uierefore  not  cells.  Ite»ide«  these,  thore 
were  nuckaled  mosses  (apolar  cells,  tliercfore)  and  more 
developed  cells,  unipoUr,  bipolar,  and  tripolar.  Not  « 
trace  of  a  ncrvc-Jibro  was  visible.  In  ngrecmcnt  with  this 
are  the  observations  of  >I&iiuB  and  Van  Lair,  who  cut  out 
u  portion  of  ihu  spinal  cord  in  a  frog,  and  ubser^'cd  the 
regenerated  tissue  after  the  lapse  of  a  month.  It  con- 
tained apolar,  bipolar,  and  niuUijxjkr  cells,  together  with 
"corpuscles  without  processes,  for  the  most  fiait  larger 
than  the  cells,  and  appearing  to  be  mere  ngglonierations 
of  granules," — thcso  latter  I  suppo&e  to  have  been  what 
I  describe  as  s(<gm(.-ntntioiis  of  the  utido^etopcd  sub- 
stance. (!ray  fibres,  with  a  few  ^-aricose  fibres,  also 
appeared.* 

140,  The  ndmitable  investigations  of  Franz  Boll  have 
given  these  observations  a  new  significance,  lie  finds  tn 
the  ceitbral  3ub.ttance  of  the  chick  on  Ihc  third  or  fourth 
day  of  incubation  «  well-marked  separation  between  the 
neuroglia  and  nerve-tiasne  proper,  Fig.  24.  A,  rt-pnaents 
three  nerve-cells,  each  with  its  nucleus  and  nucleolus,  and 
each  3urTr)unded  with  its  layer  of  neuroplasm.  Tlie  other 
four  ninssen  ho  reganls  as  nuclei  of  connective  tiseua 
Three  days  later  the  distinction  between  the  two  is  mon 
marked  (Fig.  24,  B).  Not  only  have  the  iierve-eells  ac- 
quired an  increase  of  ueuroplasiii,  ihcy  also  present  indi- 
cations  of  their  future  processes,  which  at  the  twelfth  day 
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•  Arrkiva  dt  PhytMogi*,  I3T%  p.  209. 
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arc  vaiRo^c  (Fig.  24,  C).  C-^^l  ^f"'*  while  the  connective 
corpUAclcH  reuuiiu  unchaogvcl.)  Allliougli  Boll  was  uiiablc 
to  tmce  one  of  these  processes  into  nen'e-fibres,  he  lias 
little  doubt  tbat  they  do  ultimately  become  (unite  uitli !) 
axLs  cylinders. 

It  is  difGcuU  to  reconcile  such  oteervationa  with  the 
hypothesis  of  tbe  cvUs  being  »itu]>ly  puiuU  vf  retmum  ej 
fibrils.  We  see  here  multipolar  cells  before  any  fibrils 
appear.  Kespecting  the  development  of  the  white  sub- 
stance, L  e.  Uitt  Dvrve-Gbres,  lioll  remarks  that  in  the 
eorptis  calhfum  of  the  chick  ihe  liret  diflvrculmtion  re- 
sembles Uial  of  the  gray  substance. 

The  polygonal  and  spindle-shaped  cells  rfpru-se»te<l  in 
Fig.  25,  A.  are  respectively  starting-points  of  connective 
and  neural  tissues.  The  spindle-shaped  cells  elongate, 
and  rapidly  become  bipolar.  This  is  supposed  to  result 
in  the  whole  cell  becoming  Iniusformed  into  a  fibre,  the 
nucleus  and  nucleolus  vanishing;  but  the  transformation 
is  flo  rapid  that  he  coiii'esBcs  that  he  was  unable  to  trace 
its  stages;  all  tliat  can  positively  be  asserted  is  that  one 
or  two  days  after  the  appeanmee  iwesentcd  in  Fig.  25,  B, 
the  a.^pect  changes  to  that  of  fibrib.  The  cobimns  of 
polygonal  celU  between  which  run  these  tibrila,  he  re- 
gards as  the  connective  corpuscles  described  by  aeveraJ 
anatomi-sls  in  the  white  Hubstuuce  both  of  brain  and  cord, 
and  "hicb  are  sometimes  declared  to  be  multipolar  nerve- 
cells.' 

141.  Dr.  Schmidt's  obsen.'ations  on  the  human  embryo 
were  of  couHc  on  tissue  at  a  very  much  iixUit  stage. 

•  Tho  f»et  of  the  cxixti^n:  of  «IU  in  ihr  whilB  «uh«l«in»  u  one  which  • 
U  TVTf  diSk'ult  of  intFTinrUtiini  oil  ihi^  ciirrpiit  liy|Mth><¥i«.  T)i«  nil* 
on  romi'l  ill  ii'i^itnM'Mlutiiiui  and  Im'ipilBrly  nintterFd.  ftoi.i.  thinkt  tlml 
whUo  In  ihc  vhiXe  lulAtancr  of  both  ccn'l'rum  and  cvnbdlum  then  art 
Irat  iiprv*-tTll«  tu)  w»ll  jn  ciiiiiinttivr  eori'iiwlvii,  in  tlif  conl  there  \n  only 
tho  Ulti<r.  Hut  lilllirrto  then  hoi  been  no  tlniaivc  tint  \iy  which  a  ntrre- 
wll  CM)  bp  dUtiiiguUht'd  ttvm  &  voniicctits  iMtyiudt. 
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Acconliiig  to  liim,  Uui  fibrils  of  the  axis  cylinders  are 
i'ottiicd  by  the  liiioiir  disposition  und  cDnsotiitalioa  of 
elementaiy  granules.  The  librila  thua  fonnvd  nru  svpa- 
ntttfdbyiiilortibriUargniiitiles  uOiicfa  in  timi' become  fibrils. 
Not  eiirlier  than  three  Diontlts  and  a  lialT  (lo(.-s  tlie  forma* 
tioD  of  iodividual  axU  cylinders  begin  by  the  oggre^tiou 


^^ 


rig.  H  —  EmbrT^te  rtrtftdb. 
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of  those   fibrils   into  minute  bundks,  which  are  8a>)ee- 
quimtly  suiToundvd  by  u  delicate  slrtatli.* 

142.  With  roapect  to  the  transition  of  tlic  spindle- 
shaped  rplls  into  fibrils,  sinw  there  is  a  gap  in  the  obser* 
vfttions  of  Boll,  anil  since  Uiosc  of  8chinid(  are  tobsequent 
to  tlie  disappearanofi  of  the  oella,  and  in  both  cases  all 
tmcc  of  nucleus  hiis  disapiwaned,  1  .stigyi-sl.  ihul  «■«  have 
here  an  analog  wiili  what  Weismaiin  has  raconled  of  the 
metAEuorplioses  of  insects.  In  tlic  very  remarkable  tue- 
nioir  of  lliat  invcstigatorf  it  is  shown  that  the  inctamor- 
pho»es  do  not  take  place  bv  a  ymduul  modification  of  the 
existing  orf^us  and  lj«sucs,  but  by  a  rtwlntion  of  these 
into  their  elements,  and  a  rrt-nnxt ruction  of  their  elt'nients 
into  li-SKues  and  organs.  Th«  mtisLles.  nvrves,  tratlitiu,  uiid 
alimentary  canal,  undergo  what  may  be  called  a  fatty 
dcgeneintion,  and  ]kiss  tlicncc  into  &  mere  blasti'ma.  It 
is  out  of  these  ruins  of  the  old  ttsauei  that  the  new  tissues 
are  recomtructfd.  On  th«  fourth  day  the  body  of  the 
pupa  is  filled  with  a  fluid  mass  —  a  plasma  composed  of 
blood  and  dissolved  tii<suGS.  Tho  subsequent  develop- 
ment is  1hu9  in  all  essential  respects  a  repetition  of  that 
which  originally  took  place  in  iJie  ovunL  J 

*  ilonlMii  Jeuraal  of  Micros.  Setrnu,  XI,  219.  Tliiii  u'cordk  nilll 
wbat  KiT?KF.R  «»)■>  n'«[>eftiog  llif  niitio'  nliwnpfi  of  ri^Uii  In  tJir  nitliclt 
8t*^ii,  iibu'rvnt  M'  Iilin  in  tho  nlici-p.  The  whlTo  mtBlnncc  of  the  spinal 
cold  lin  ilcKrilHi  n>  lof!.  troniquirvnt,  anJ  gclntiiiouii,  in  wliicli  d«rk 
prnnt*  an  vitiMi^ :  tlipw  ilnrk  iwinti  an  *f«n  In  lon(titiii!tiinl  aMiona  to 
oriM  froiu  tlm  fitirillmi.in  of  iliv  iiibtfaned.  —  BfDnrii  oml  Kvrrrzu,  Cji. 
lit.,  p.  111. 

t  Wejhha^m,  Die  nadumhrjfimalt  Bntwiclt.  der  lfujm<ten,  tn  the  ZrU- 
tchi-ift/iir  Jfiam.  Zeo'fgir.  1864.  Bel.  XIV.  Hi-rtlll. 

t  Till' Kii^^KtEon  In  I  III'  tvxt.  lion  kIik'i'  nx^cSvixl  n  )>trik!nx  canflrmn^n 
in  (hf  obicrvalioiis  of  aiCMiND  Matbii  on  the  rpRpneraiion  of  ncrrc*. 
TliP  nerve  u'lien  JiviUcd  nipiilly  iindcrf^wi  futty  dcgrnprntioii,  wliirli  ia 
MiofcfJt'd  by  n  tr«ri«fornt»lioii  of  ihr  niyoUti*  nnrl  u,xin  ryliiuitr  into  n 
hoiTioumrniu  inaM ;  bi  thia  rctolrcil  pul]>  new  lont^tudlRnl  linri  of  dirii- 
ion  ippmi.  which  auliHriurntiy  livcutiii'  new  fibn's,  and  nflw  micl«i  Kn 
d«va]op«Hl  in  the  fmains  of  Ihc  nntn««fom)»d  ■abfct«iico.  —  jtrthiv  JSr 
fiVehtatrie,  M.VI.  Heft  II. 
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Two  points  ans  esptciaUy  itoLiccablo  i  First,  tJiat  in  thia 
ns*olve»i  niaas  of  granules  and  tat  globules  there  quickly 
uppear  Iiirgu  globular  tiiassvs  wliich  develop  u  fine  mem- 
brane, aikI  Hubaequeutly  nuclei.  A  glance  at  Uie  %UTe 
51  of  WebdiBiin's  plates  reveals  the  close  rcstiiiiblimeu  to 
the  earliest  atagea  of  norve-cclls ;  and  llio  whole  process 
reoalb  the  regeneration  of  nerves  and  nerve-centres  after 
theit  fatty  dog<.<noraliou. 

^coiidly,  the  nerves  reappear  in  their  proper  places  iu 
the  new  muscles,  and  this  at  a  tiine  when  the  Dcrvu'Con- 
tiea  ate  atill  anformed ;  so  that  the  whole  peripheral  »ya- 
tem.  u  eompttleitf  relmilt  in  absolute  ituUpeHdettce  of  the 
central  tffstem.  Tho  idea,  thoreforo,  that  iiorvc-fibrea  are 
the  proclucta  of  ganglia  must  be  relinquished.  Thia  idea 
is  further  discountenanced  by  lIoU's  observations,  which 
!(how  that  the  fihre-c^lla  are  from  the  first  dlfi'erent  from 
the  ganglionic  cells;  and  by  the  observatioua  of  Foster 
and  Balfour,  that"flbrea  are  present  in  the  whit«  snl>- 
fltaiice  on  the  thinl  day  of  incubation  " ;  wJureaa  <tU  pnh 
rttata  do  ju)t  tippatr  until  the  eighik  da>f.  Foster  and  Uol- 
four  arc  inclined  to  bcHove  "llmt  even  on  the  seventh 
day  it  is  not  poaaible  to  tmce  any  connection  between  the 
cells  and  fibres."  In  the  later  stages,  the  connection  'a 
IMrrhups  established.* 


■  Strong  ronllnnation  of  Tarioiu  «latcnii?Dl«  in  tho  text,  Mn«a  tbey 
w«»  wrili'ii.  IiiH  Uvn  firnitihed  by  tli"  rnwwvliw  of  Y.icaBitK»T,  pub- 
llibsd  In  Virchaw'i  Ardtiw,  LXIV.  Our  knowlnljin  of  th*  ikvnlopment 
uf  mrrc-liuno  in  hnauQ  onbiyo*  Is  k>  Kniiir  thit  l!i-iu  rrtearehia  tun 
*  KTMl  tiilii<\  l!:icail()lun-  dMEribM  tli»  tliinlion  of  thv  (clli  Iu  tha  cord 
in  Iwfrfn  only  ut  tbi'  fourth  month  :  np  to  Ihli  tinin  tliipy  bhi,  wluit  I  find 
inait  itirrrlcbmtc  ii-lU  \t>  \if.  graniiltti,  not  filirillar.  Tliew  in  very  illttht 
hnAcliiog  uftliv  cell  proor-sva  until  thv  iiititli  ur  li^iilh  month,  shdo  lb* 
multlpalftr  ■ijiis't  firtt  apprsrii ;  the  «II«  ar*  iini|><>lar  up  Ui  ihv  foJ  of 
lUc  fouith  ninutli.  Tli«  iimiirctian  bFlwrm  thn  white  mlumn*  anil  the 
([ray  colnmni  i»  reiy  \nat.i-  up  to  the  (Iflh  iiianth ;  and  the  two  an  oaajly 
*cpiuaI«cL  Subspqupntlv  ihv  union  i.i  clasrr.  Tho  antnUiin*  of  tha  white 
colamna  readilj  iDpanLU*  Into  buuiUwa  an4  Glira^.  bat  tbat  of  tba  gnj 
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143.  Wc  niuy,  I  Uiiuk,  oonclude  from  nil  this  that  In 
the  higher  verUibratoti  llio  while  substance  of  brain  and 
cord  la  not  the  direct  product  of  tlie  gniy  »iibsluncc;  in 
other  words,  that  hvro  ner^'c-libre3,  even  if  suljsequently 
in  connection  witli  the  ganglionic  cells,  have  sii  inde* 
pcndvut  origin.  They  may  grow  towai'ds  and  blend  with 
cell  processes ;  ihcy  are  not  prolon^tions  of  those  pro- 
cesses. Th«y  may  be  identical  in  struetiu*  and  properly, 
as  one  muscle  is  identical  wilh  unulhcr,  but  one  is  not 
the  parent  of  the  other, 

144.  Siginund  Muyer  emphatically  declare*  that  in  uu 
instance  has  he  traced  a  cell  process  developed  into  a 
dark-bordered  nerve-fibre.  'Hie  proces.'*,  lie  says,  may 
often  be  traced  for  a.  cerUiin  distance  alongside  of  a  libre ; 
but  it  then  suddenly  ceases,  whereas  the  fibre  is  seen  con- 
tinuing its  course  uualt^^,  Still  more  conclusive  is  the 
evidence  allbrded  by  nerves  having  only  very  few  fibres 
(2-4  8ometiiuL-3  in  the  frog),  which  have,  nevertheless, 
s  liberal  supply  of  cells,  visible  wiUiout  preparation. 
YalCQttn  couutvd  twenty-four  cells  in  a  nerve  whicli 
had  but  two  fibres.*     Now  although  il  ia  possible  to 

culuinnB  !Mt  into  a  gmmilu'  il>:trituB  if  atl*in|itrtl  to  bo  t«Mfil  out  trith 
ntedltv.  But  nfliT  tlip  fitlli  tiioiilli  thit  in  ii»  tuii|{«r  «a.  Inatiiul  of  a 
gtauulfti  ciHrtliiK  ihm  ajiix-im  a  tictvork  of  fln*  lUirca  >nd  flbriU.  Al- 
Ibongh  the  whitn  posinrior  rolumm  ore  (lovdopr.!  beforo  the  fiflli  mouth, 
not  ■  ■ingl'?  cell  can  br  umn  in  tlii>  jHwlrriur  any  volumns  until  t]u> 
Mconil  Iwir  (if  tlir  ninth  luoulh.  (\'*t  the  Rbiiii  arc  liiiai(itiA<l  to  tiiUm  in 
th*  r.rWfi ',)  Thn  jiMMigii  Trom  the  gnnular  to  tlio  librilkr  utatc  ii  tlin 
■une  in  the  cell  tutntMicc  and  tho  nctirosliu,  'riii.'  ni-rvc.lilirp,  u  dirtin- 
Ruiihed  frotninalinlBziicyUudpr,  dou«  nut  n[i|>ivr  till  t)ir>  fmirtli  montll. 
It  la  >t  Ural  n  lil|iolir  prolongntion  of  th«  nui;lciiii.  Ai  it  clongpita.  th* 
noclmii  Kfoii  to  lit  on  it.  and  m  \oam\y  that  it  in  raa\y  iliifliM  iiwnj  b; 
pmuiirc  on  ilip  roYPriiig  gliw*.  FliiiLtty  lliB  filim  mparat**  entirely  from 
the  nunlcu^  (nd  ihtn  bcgjn«  to  «Iothc  itulf  Willi  the.  incdiilUiy  ihrnlh. 
Veiy  curiuUB  is  tin-  ottH'mtiaii  that  to  ton);  m  the  lJ>ia  cylinder  in  iiaknl 
it  i*  npvr^  variiiow,  hut  wllli  tliR  dfvclopm*!)!  of  tb«  iiu'iliillu  tlin  primi- 
tive nxi*  bcMmci  fluid. 
*  kUm,  Qp.  cit.,  SeS.     I  oaunot,  howervr,  agrco  with  Maibr  whto 
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explftin  th«  presence  of  namerous  fibres  with  rare  nils 
eitlit-r  as  due  to  subdivisioos  of  fibres,  or  to  th«  fibres 
baving  cells  elsewhere  for  their  origin,  it  is  not  thus  that 
we  can  explain  the  presence  of  nnmerous  cells  which 
have  no  fibres  (levelo|ied  from  their  processes. 

145,  With  regard  to  this  observation  of  the  cell  pro- 
eera  Tunning  alongside  of  the  fibre,  the  recent  rc:k^rcl>o« 
of  Ranvier  may  throw  some  light  on  it.  He  describea 
the  cells  in  the  spinal  ganglia  as  aU  unipolar;  each  sii^le 
process  punues  a  more  or  lew  winding  course  as  a  filnil, 
often  blending  with  others,  till  it  reaches  one  of  tlie 
fibres  from  tiie  sensory  root  It  Uemb  with  llits  fibre 
at  tlie  annular  constriction  of  tfa<s  fibre,  becoming  here 
incorporated  with  it,  so  tliat  a  T-shaped  fibre  is  the  rc- 
ault.*  If  this  sliould  be  oonfinn«il,  it  would  reconcile 
many  obeervationa ;  bat  it  would  greatly  disturb  all  cur* 
Tent  inu-r]<rftaLion«.  Haiivi(.-r  ri-insrks  that  it  is  no  longer 
tenable  to  suppose  that  the  ganglionic  cell  is  a  centte, 
sensory  or  motor,  receiving  the  exeitatJon  or  sending 
forth  a  motor  impulse ;  for  if  the  fibril  issuing  from  a 
cell  becomes  laterally  soldered  to  a  nerve-fibre,  there 
is  DO  pouibility  of  aaying  in  which  directioo  this  cell 
receives  the  excitation,  dot  in  which  it  transmits  the 
impulse. 

he  my  tbrnt  tie  cDDUnaitj  of  ■  Dtm-ftbrt  wfUi  ■  cdl  hai  wecr  brm 
iSatiadlj  Bhoirn  <p.  »5) ;  tn  tht  InvrUbnta  cad  in  tha  Eketrio  lihM 
mttk  a  (uMianllr  b  mdcolable ;  aad  it  hn  onuioMlIy  Wv  nn  la 

VrrtcfanU. 

•  tUnviaa,  Ln  Uic  Cmptt*  JUndia,  Uli,  V«L  UtXXI.  f.  117«.  Thk 
iitMUMtiiiii  IkTom  1%ht  cm  ibc  Utt  tbat  oil  [imteig  art  aoB^mn 
Mr»  mbniug  Bcrra-mota  (f  134). 

Tha  rtrj  muarkabU  ulHrrviUoM  <f  Ur.  f.  IUl,voca,  On  Uu  Drxtle^ 
awX  of  tkt  Sfimat  .Vma  i*  Etatauhf(t»A  FUm  (iMiM.  Tnni.,  Vol. 
CUCTI.  fL  I),  iho>  that  lb*  (lual  not.  pn^ion,  aad  iwrrtf-iniak  aria* 
thiu  hMdoKtal  (hinipa  la  •  mm  el  fO*  at  ftnl  all  alika ;  mtt  that 
]{aBgUn-«*lb  u*  Epnned  and  tnm  thdt  piiui  ta  rhaffta  iata  Shm. 
n»  ncrrc,  he  my,  bnna  a  eaitinaation  t4  Ha  toot  rathvr  tfcra  of  Ita 
gM^ion  {f.  IS!) ;  wMdi  armfdi  >1lli  {Uyvtni'a  rie*. 
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146.  We  havo  seen  good  reason  to  conclude  that  the 
essential  element  of  the  nerve  —  the  axis  cylinder  —  is 
the  samo  subsUuicu  as  the  neuropksm  whit^  funns  the 
easenlial  element  of  the  cell.  At  any  rat«,  we  are  quite 
ccrtuin  that  the  ci;!!  procesM  i.'*  neuroplasm.  On  this 
ground  there  ia  no  diffifiilty  in  undLTxtandiui;  that  a  cell 
process  may  eemetimes  be  drawn  out  into  an  axis  cylin- 
der (as  indeed  we  sec  tu  \x  the  citse  in  the  invertehrata 
and  electric  fishes) ;  while  a^ain  in  numerau.i  other  cases 
the  nerve-fibTe  ha^i  an  independent  origin,  being,  iu  short. 
a  differentiation  from  the  neuroplasm  which  has  become  a 
-fibre  instead  of  a  wll.  It  is  clear  from  the  observations 
of  Konget  on  Development,  and  of  Signiund  Mayer  on 
Regeneration,  that  fibres,  nuclei,  and  cells  Iwcome  differ- 
entiated from  the  same  neuroplasm,  those  poittons  which 
are  not  converted  into  fibres  remaining  first  aa  lumps  of 
neuropksm,  then  ac()uiriiig  a  nucleus,  and  some  of  these 
pa-s-siii^'  into  cells.  I  meau  that  hetueen  libi^i,  nuclei, 
and  cells  there  are  only  morphological  diDurunci'S  iu  an 
identical  neuroplasm.*  If  thui  is  in  any  degree  true, 
it  wilt  not  only  explain  how  fixish  fibri-^  iriuy  be  devel- 
opeii  iu  the  course  of  fibres,  branching  from  tliem  as 
from  trunks,  and  bratiehlel*  from  brauchlets,  twigs  from 
branchleta,  the  same  conditions  of  growth  l>eing  present 
tliroughout ;  it  will  nUo  completely  modify  the  notion 
of  any  physiolo^^ical  distinction  between  cell  and  fibre 
greater  than  can  iie  assigned  to  the  nioq)liol%'icaI  differ- 
trntiea.  yVc  sliuti  then  no  longer  suppose  that  the  cell  is 
the  fountain  whence  the  Itbre  draws  its  nutrition  and  ita 
"force";  and  this  will  be  cipiaUy  the  case  even  if  wc 
admit  that  a  cell  is.  so  to  spcnk,  the  germ  from  which 
»  whole  plexus  of  fibres  was  evolved,  for  no  one  will 
pretend  that  the  "  force  "  of  an  organism  is  directly  de- 

*  In  ths  llimdbaih  der  nunichtiiditn  Jaatomie  o(  W.  Krause,  whfdi 
)ini  jiisl  n]>|inrpii.  I  am  iileucd  ta  fiod  a  iliniiar  rii>w.  p.  37G. 
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rived  from  llie  ovum,  or  Uiat  the  ovum  nourishes  the 

147.  At  this  stnge  of  the  dtscuasion  it  ia  needfnl  to 
cuiisidvr  a  ]H>iiit  wliicli  will  Bpoiitaiieotisly  occur  to  eveiy 
iitstmcted  reader,  I  mean  the  ioteresting  fact  discovered 
l>y  Dr.  Wiilltr.  that  when  a  »ciisoi-y  f'l'l  wtm  divided,  the 
portion  whicli  was  sUU  iu  connection  with  the  ganglion 
nsmajncd  unaltered,  whereas  the  ]>ortioi)  which  was  only 
in  connection  with  the  spinal  cord  degenerated ;  and  vict 
vena,  when  a  motor  root  wa»  divided,  the  portion  con- 
nected with  thti  cord  remained  unaltered,  the  portion 
severed  from  the  cord  degenerated.  The  observation  bu 
been  frcquvully  confirnicd,  and  the  conclusion  drawn  bss 
been  that  the  cells  in  the  ganglion  of  the  posterior  root 
are  the  nutritive  centres  of  )>D8terior  nerves,  the  c«ll«  in 
the  anterior  horu  of  the  cord  iH^in^;  the  nutritive  centres 
of  the  anterior  nerves.  Another  interpretation  is  how- 
ever needed,  the  moiw bo  because  the  fact  is  not  constant,* 
True  of  some  nerves,  it  U  not  true  of  othcra.  Vwlpian 
found  that  when  he  cut  out  a  portion  of  the  lingual 
nen'e,  and  tni>i.tplant^l  it  by  grafting  under  the  i^kin  of 
the  groin,  where  of  coursL'  it  was  entirely  rvmovcd  from 
all  ^^anglionio  infliiencc,  it  dcfjcnerated,  btit  it  also  regen- 
erated. I'atbological  Dbser\Titions  convioced  Moisaner 
that  the  ganglia  are  wholly  destitute  of  on  influence  on 
the  nutrition  of  the  va^s ;   and  Scliiff  proved  experi- 

*  On  thi*  poiijt  oouBultAxEL  Kf.t  aiv\  Kmirs,  in  thr  Archiv /itr 
mikrot,  jtnat.,  1873,  ]i.  308,  whrrw  ihc  nnCrilivc  iliaturtwniHi  h  ttrign^^ 
b)  the  fict  that  the  lymph  con  no  longer  Inkc  its  nonnal  uiiine.  Wai/- 
Ub's  obaerralioM  do  tlit  ili-gi-nvrntiqii  rtt  the  <i|itic  nrrvm,  njlh  pnTWTTB- 
tlon  of  thi*  int«(p'ity  of  tlir  n'linii,  nflT  iIivIbIdii  of  thu  iii-i  i'v«  (/Vvn-n/ing* 
^  Soyal  SoHtt}!,  HM,  p.  Id),  cnnnot  W  uvgoi!  m  nupport  of  hii  vii'W. 
Inraiue  Bbkub  and  Lkbekt'b  obscrvii lions  tn  dirrcUy  malradktoiy  of 
hli.  SAmiaca  unJ  HiuErE,  IlaiullHifh  'ler  Aagmhiitl-vndt.  II,  316. 
It  »  njd  by  Kitevc-iri;!.  that  if  tho  nnv™  be  dividad,  to  u  to  preTtnt 
iliiliirbuicr*  in  thc<  circuliilian,  no  pFriphrriit  dpgmFmtioii  tnkw  pluca 
(cltiJ  by  ExQELNAXM  in  rjtiujcf't  Aitkir,  I87B,  p.  *77). 
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tuentuUy  thnt  other  ganglia  were  vtiudly  inopcrtitivf, 
since  motor  iiencs  could  be  aepiirated  from  the  epianl 
uonl  without  ilc^neration."  Xol  however  li)  insist  on 
this,  uor  oil  the  othi>r  fact*  of  regdiientioti,  in  the  nbacDce 
of  gnngliniiic  iiittiience,  let  ii8  remark  thai  Ur.  Wnller'a 
examples  wouUI  iiot  \>u  conclusive  unless  the  loaching  of 
Krabryi»!ogy  couli)  be  clUprovetL  Thiit  nerves  dc^^enerate 
wheu  fiepiimted  fmm  nauglia  is  a  fnct;  hut  it  is  also  n 
I'act  thai  muscles  degeneiata  when  separated  from  a 
norve-cculrc ;  yet  we  do  not  .itippose  the  iicrvo-ceiitrc 
to  nouriah  the  muscles.  And  against  tlie  fact  that  the 
sensory  nerve  remnins  unaltered  only  in  that  poition 
which  is  cDuncctcd  with  tiiu  ganj'lion.  we  must  oppose 
tlie  observations  of  Kblliker  and  Sehwalhe.t  who  ntlirin 
that  none  of  the  (ibrett  which  enter  the  pustorior  colmniis 
of  the  spinal  cord  have  any  direct  connection  with  the 
ceils  of  the  ganglion  on  the  posterior  root.  Tho  ci-lls  of 
this  ganglion  they  declare  to  be  nnipolar  (in  the  higher 
vertebrates),  and  the  flljrfis  in  ooiineclion  with  these  cells 
«re  not  those  which  pass  to  the  cord,  but  all  of  them  pans 
to  the  ])eriphevy.  Accoitling  to  Itanvier,  the  fibres  fi-om 
the  cells  join  the  librcs  of  the  postt'rior  root.  Schwalbe 
found  that  if  the  spinal  nerve  be  firmly  gra»pcii  and 
sUadily  drawn,  it  will  often  be  pulled  from  its  sheath, 
and  the  ganglion  1ai<l  bare  ;%  in  this  ganglion  all  the  cells 
are  found  undisturbed,  wlijcli  could  not  be  tlie  case  bad 
fibres  from  those,  celb  entered  the  cord,  since  the  traction 
would  necessarily  have  disturbed  them. 

•  ScliiFT,  ZeliTbuiS  <Ur  PhyniolayU,  pp,  120,  121. 

+  KilLi.iKEn,  GruubtUhrt,  31".  Schwai-hr,  Archiv/ar  tni'iroj.  Anat^ 
IMS,  ^  Gl. 

:  I  wu  lintt  RbowTi  tlil«  111  ISSS  hy  th«  latn  Prof.  Haiilksi  in  MuDtch, 
who  at  the  tame  time  ihowod  Mo  Ibilt  the  iiPrvc  thm  Imml  of  iti  ihcath, 
if  left  winiH  liours  hi  gmlm'  juicr,  split  up  iiilo  rr^ulai  dinis.  like  tlio 
WTcoua  clement*  nr  niii«cU-ji. 
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148.  At  tlie  opGoiug  of  tliu  cliaptcr  mention  wag  tnadti 
or  the  besetting  sin  of  the  niudytical  tendt^nny,  namely, 
to  dienJF^rd  the  elements  which  provisionally  had  been 
set  aside.  And  not  restore  theui  in  the  r^onstruction  of 
n  syntluiticnl  Kxplnnatioo.  Familinr  cx|)urii;iii.-c«  t>;U  us 
that  a  stimulus  applied  to  the  skin  is  followmi  by  a  miu- 
cular  loovenient,  or  »  ghindular  secretioD ;  amnetiniea  tliis 
takes  place  without  any  coiucioua  senaittioii;  soiiiiitiinet 
we  are  distinctly  conflciou!)  of  the  stimulus ;  and  some- 
time:! we  consciously  will  llie  movement  Th«so  fttcU  th« 
physiologiiit  tries  to  unravel,  and  to  trace  tho  complicated 
processes  involved.  The  neurologist  of  couree  confines 
himself  exclusively  to  the  neural  processes ;  uU  the  other 
processes  lire  provisionally  left  out  of  accotmt.  Itut 
not  only  so :  tlie  analytical  tendency  is  carried  further, 
and  even  in  tlic  noural  process  thu  organs  nru  neglocted 
for  tho  sake  of  the  nervous  tUsiu,  and  the  nervous  tis- 
sua  fur  the  sake  of  the  vmv-r.fU.  Tho  coiisciiuoiice  has 
l>een  that  vre  have  au  exphuation  offered  us  which  runs 
thus : — 

149.  The  ncrve-cell  is  the  supreme  element,  the  origin 
oi  the  iterve-tibre,  and  the  fountain  of  nerve-force.  Tho 
cells  arc  connected  one  with  nnothcr  by  means  of  libres, 
and  with  muscles,  glands,  and  centres  abio  by  means  of 
fibres,  which  arc  merely  chamiels  for  the  ncrvo-force.  A 
stimulus  at  the  surface  is  carried  by  a  eensofy  libra  to  a  cell 
in  the  centre ;  from  llmt  point  it  i^t  carried  by  another 
fibre  to  another  cell :  and  from  that  by  a  third  fibre  to  a 
moacle :  a  reBex  contraction  rosults.  This  is  the  elemen- 
tary "nervous  arc."  But  this  iirc  has  also  liif^hcr  arcs 
with  which  it  is  in  connection :  the  sensory  cell  besidea 
sending  n  fibre  directly  to  a  motor  cell,  also  sends  one 
upwards  to  the  cerebral  centres ;  and  here  again  Uiera  ia 
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a  nervous  arc.  so  tliat  the  cerebral  centre  sends  down 
an  imjHiUie  on  tho  motor  cell;*,  ami  the  canti-nctioii  wliicli 
results  is  due  to  a  volitioual  inipuUe.  T)ie  tnutsnussion 
of  the  stimulation  wliich  in  the  first  ca.se  wa.^  purely 
physical,  becomes  ui  the  latter  casu  psychical  TIio  sca- 
aoty  impression  is  in  one  cell  transt'ormed  into  a  »mta' 
twn.  in  auothvr  evil  into  an  idea,  in  a  thii'd  cell  tobo  a 
rvlUion. 

150.  This  course  is  dcscrihed  with  a  procision  and  n 
confidence  which  induces  the  iuesperienced  reader  to  sup- 
pose that  it  is  the  tmiiscript  of  actual  nlm-n-ation.  I 
venture  to  say  that  it  is  imaginary  from  beginning  to  end. 
I  do  not  aflirm  that  no  such  course  U  pursued,  1  only'  say 
no  sudi  C0UR4U  was  ever  dcinoD»tnited,  but  lliat  at  uveiy 
stage  tJiB  retjuiaite  facts  of  observation  are  either  incom- 
plete or  contradictory.  First,  be  it  noted  that  the  actions 
to  be  exphiiued  art'  never  the  actions  of  organs  so  simple 
as  the  description  sots  fortli.  It  in  not  by  single  fibre* 
and  cell&  that  the  stimulus  is  efl'ect«d,  but  by  complex 
nerves  and  complex  centres.  Only  by  u  diagmmmatic 
artifice  can  the  fibre  represent  the  nerve,  and  tlie  cell  the 
centre.  !n  reality  the  cells  of  the  centre  {supirasing  them 
to  be  the  onl;/  agents)  act  in  groups,  and  Anatomy  should 
therefore  show  tliem  to  be  mutually  united  in  groups  — 
vbiclt  is  what  no  Anatomy  has  succeeded  in  sliowing, 
uolosa  the  Neuroglia  be  called  upon.  Secondly,  he  it 
noted  that  the  current  scheme  of  the  relations  between 
cells  and  fibres  is  one  founded  on  physiological  postulates, 
not  on  olwer  Villi  on.  Thinlly,  much  of  what  is  actually 
obser\-ed  is  very  doubtful,  bocousc  we  do  not  know 
whether  the  appearances  are  normal,  or  due  to  modes 
of  prcparution  and  post-niortctii  changes.  We  cannot  at 
present  say.  for  instance,  whether  the  fibrillatcnl  upjwar- 
ance  nf  cell  contents  and  axis  cylinder  represents  the  liv- 
ing structure  or  not    We  may  cither  suppose  that  the 
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ueoroplasiDic  pulp  splits  tongiUidinaUy  into  fibn»,or  thnt 
neuroptasmic  threads  resolve  Lhemselvea  into  &  horoo- 
geiwoua  pulp  —  tlie  axis  cylinder  iimy  be  n  miidensatJoii 
of  many  fibrils,  or  the  fibrils  may  be  a  rvsolution  of  the 
8ub«Uuce- 

151,  Let  us  contrast  step  by  step  tho  Imiigin&ry  Anat- 
omy found  in  the  text-books  witli  the  Objective  Anatomy 
as  at  present  disclosL'il  by  the  r«seftrdics  of  all  the  chief 
workers.  Imaginary  Anatomy  assumes  that  the  aenaoiy 
fibre  passes  from  a  surface  into  the  cells  of  the  posterior 
liom  of  the  spinal  cord.  Objective  Anat'.iray  sees  the 
fibre  pass  into  tlie  gray  substance,  but  <leclure«  that  iio 
direct  entrance  of  a  filnv  into  a  cell  is  tliere  nsible. 

Imaginary  Anatomy  asaumes  that  trom  the  sensory 
cells  of  lilt;  gr.iy  substance  pass  fibrvs  in  connection  with 
the  motor  cells  of  the  anterior  horn,  thus  forming  a  direct 
channel  through  vhicli  tliv  excitation  of  a  sensory  cell  is 
Uanamitted  to  a  motor  cell.  Objective  Anatomy  fails 
to  discover  any  snch  direct  clianuel  —  no  such  fibres  are 
demonstrable. 

Imaginary  Anatomy  assumes  tliat  from  the  motor  cells 
issue  fibres  which  descend  to  t)ie  muscles  and  glands,  and 
carry  there  the  motor  imptilsc:^  and  tlie  "  mandates  of  the 
will."  Objective  Anatomy  faib  to  find  at  the  utmost 
more  than  a  probability  that  these  cells  are  continued  as 
fibres,  a  probability  which  is  founded  on  the  rare  facts 
of  cdl  pnices.ic-s  having  beeu  seen  extending  into  the 
roots  of  the  nen-es,  and  of  a  cell  process  having  occa- 
Bionally  been  seen  elsewhere  continuous  with  a  dark- 
bordered  fibra  Granting,  liowever,  tliat  this  proWbility 
ropTtsenta  the  fact,  we  have  thus  only  one  part  of  tlie 
"norvoUB  arc"  whicli  can  Ite  suid  to  have  been  verifiod. 

Imaginary  Anatomy  fuiilier  assumes  that  this  nenrons 
an  is  connected  with  cerebral  oentros  by  means  of  fibres 
gtnng  upwards  from  the  posterior  cells,  and  fibres  descend- 
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tug  (iovrnwards  to  the  anterior  cells.  Objective  Anatomy 
Mees  nothing  of  lti«  kiud.  It  Mes  tibres  eiiteriag  the  gray 
ftutBtonce,  «»d  tbere  lust  Ui  vivvr  iu  a  iiuus  of  graniilau- 
Aubstance,  fibrils,  neuroblasts,  aod  cells.  Tb«re  way  be 
uuiiit<,Tru])(«il  tibre:)  jiossiiig  iipwftrds  aiid  dowuwards; 
but  it  is  itnpossiblv  to  see  tbem.  And  if  we  are  told  tbat 
jiliyiiiulogical  inlerpretatioQa  demand  such  a  structure, 
we  may  fairly  ask  if  tliis,  uid  this  only,  in  Uiu  struc- 
ture which  is  a()e({uate  to  the  propagation  of  excttstioaT 
Xow  it  seeins  to  mo  ttint  another  kind  of  structure,  and 
oiH)  more  ckjsely  agreeing  with  what  is  observwl.  better 
answers  the  demands  of  Physiology.  Tiiia  will  be  more 
eiident  after  the  Laws  of  Xervous  Action  Imvo  been  ex- 
pouudcil  in  the  succeeding  chapter.  Meanwhile  we  may 
remark  tliat  the  urrangomont  of  cells  nnd  fibns  which  is 
imagined  a.i  the  mechanism  of  propagation  and  reflexion 
18  absolutely  irreconcilable  with  the  t4»cbing  of  H.v{>eri- 
ment:  fur  the  spinal  winl  may  be  cut  through  anywhere, 
without  destrui^tiou  of  the  transmission  of  eensoiy  and 
motor  excitations,  provided  only  a  small  jmrlion  of  gn.y 
snbstHDce  be  left  to  ctUblisii  the  continuity  of  the  axis. 
Divide  all  the  substance  of  the  posterior  half  in  one 
place,  and  all  the  subitancc  of  the  ant^sriur  half  in  an- 
other, yet  90  long  as  tlicre  is  a  portion  of  gray  substance 
left  as  a  bridge  betwecu  the  lower  uud  upper  segntcnt«, 
the  transmission  of  sensory  and  motor  excitations  will 
take  place. 

152.  In  other  essential  respecta  we  have  to  note  that 
the  anatomical  evidence  for  the  current  interpretations  is 
abHulutcly  deficient  or  contradictory.  Tliero  is  no  ade- 
quate warrant  for  the  aaaumption  that  all  nerves  have 
their  origin  in  ganglia,  all  fibres  in  cells.  Such  evidence 
as  at  ])resent  exists  is  against  that  supposition,  and  iu 
favor  nf  the  supposition  that  Iwtli  cell  and  fibre  are  dif* 
ferontintioiis  of  a  common  neuroplasm,  sometimes  directly. 
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•ometiniea  iudirectlj  contiuuous.  Fibres,  and  plexuses  of 
fibres,  iiitfisjicriwl  wilh  wlls  imi'^liiHy  diatribuled  — 
now  singlj-,  DOW  in  sniitll  fp'ouiw,  now  iu  lai^r  snd 
larger  groups  —  constitute  the  Jif/ured  elements  of  uervo- 
tUsut! ;  Mul  tiveii  if  wi;  Kut  iisiilo  tbo  amorphous  substance 
Ac)  indifferent  or  siibordinatti,  we  have  atill  no  gruiuid  for 
ussi^uin-;  ibi;  Hitpreiuncy.  much  less  tliu  sole  siguifioance, 
to  the  cells.  The  gronndfl  of  this  disniol  have  been  amply 
rumisbuil  ill  mil-  vx[>osttio[i.  For,  li;l  it  liu  gmntod  that 
nerve-cella  are  tbe  orij^ns  of  the  tibrcs  und  llie  sourcea  of 
their  nutrition  —  a  p«Hiit  which  is  eminently  disputable — 
this  would  in  no  sense  help  the  ]>liyHiolo^ical  hypolliesia 
of  tbe  cdl  tm  the  fountain  of  Neurility.  If  the  libre  is 
simply  thv  ccll-cuut<>uts  dmwu  out  lont^tudinally,  if  its 
essential  element  is  identical  with  the  essential  element 
of  the  orll,  then  we  can  no  nioiu  ascribe  to  the  cell  the 
exclusive  property  of  Neurility  than  wo  can  draw  a  lump 
of  lead  out  into  a  wire,  and  then  ascribe  diflervnt  prop- 
erties to  the  thin  end  and  the  thick  end.  Itut  on  this 
point  it  is  uc«dless  to  speculate,  since  we  have  experi- 
mental evidence  proving  that  the  nerve-fibre  has  its  Neu- 
rility even  when  seiiaral«(i  front  the  cell,  or  even  from  tho 
ganglion. 

Iii3.  It  is  possible  —  I  do  not  see  sufficient  evidence 
for  a  stronger  assertion  —  that  the  cells  are  the  nutri- 
tive sources  of  the  fibres.  They  may  represent  the  ali- 
mental  rather  than  the  inatrumental  activities  of  nervous 
life.  (Compare  Pborlbm  1.  §  42.)  My  cont«iition  is 
that  in  any  case  they  are  not  the  supreme  elements  of 
the  active  tissue,  and  in  no  sense  can  they  be  considered 
as  ar^M.  Only  confusion  of  ideas  could  for  a  moment 
permit  auch  language,  or  could  assign  central  functions  to 
cells  which  are  elements  of  tissue,  if  tlie  cell  be  cred* 
it«l  with  such  powers  anywhere,  it  must  be  credited  with 
them  everywhere.     Now  I  ask  what  conceivable  central 
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function  cnn  bo  ascribed  to  a  cell  which  terminates  tlte 
fibre  in  a  iM-ripheral  ganglion,  or  which  ia  meruly  un  en- 
largement ill  ihc  coiinw  uf  H  Rbre  in  a  n«rve-tKmdle  ? 
Besides  the  facts  already  adduced,  let  attention  be  called 
to  this :  if  a  nerve-bundle  fhim  tlie  gtiAmvaua  of  the  in- 
testine bo  cxRiiiitifd.  tlii^re  appear  ainon^'  llii;  fibres  uuuiy 
nuclei  (nenroblasti>),  and  occasionally  cells,  nnipolar  and 
bipcJor.  TlK'Se  cells  —  if  wo  may  trust  the  observations 
of  liouget  on  the  earlieat  development  of  nerves,  and  of 
Si^mtind  Mayer  on  m^'cnerated  nerves  —  are  simply  more 
advanced  stages  of  evolution  of  the  neuroblasts :  but  what- 
ever tlieir  genesis  may  be,  there  can  be  nothing  in  the 
nature  of  a  central  function  assigned  to  them. 

154,  It  may  be  asked,  What  part  can  we  assign  to 
cells  in  neiinil  actions  if  they  are  apolar,  unipolar,  and 
even  wlicn  uitiltipolur,  isolated  from  each  other,  and  from 
fibres  T  1  confess  thai  I  have  no  answer  ready,  not  even 
an  hypothesis.  Until  some  rational  interjiretation  of  the 
cell  be  given  we  must  be  content  to  hold  an  answer  in 
suapeiise.  Wiat  I  would  urge  is  tlmt  we  are  precipitate 
in  assuming  that  the  niiatoniical  connection  between  one 
element  and  another  must  necessarily  be  that  of  a  fibre. 
In  a  semi-tliiid  substance,  such  as  neurine,  continuity  may 
be  perfect  without  solid  fibres :  the  amorphous  substance 
and  the  plasmi.xle  may  as  well  transmit  waves  of  molecu- 
lar motion  from  one  [Mtrt  of  the  tissue  to  another,  and 
therefore  from  cell  to  cell,  or  from  cell  to  fibre,  as  a 
figured  !t«h»t«uco  may.  When  tlio  posterior  root  enteis 
tbe  gray  substance  of  the  cord,  there  is  no  more  necessit}' 
for  its  fibre.'*  passing  directly  into  the  cells  of  that  gray  sub- 
stance, in  order  to  excite  their  activity,  than  there  is  for  a 
wire  to  pass  from  the  hell  to  tho  ear  of  the  servant,  who 
hears  the  vibrations  of  the  bell  through  the  pulsations  of 
tLo  intervening  air  upon  her  t}*mpannm.  Look  at  the 
structure  of  the  retina,  or  the  cerebellnra,  and  you  will 
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tind  that  the  gangUonic  cells  wbicK  have  processes  pass. 
in^'  tu  a  (liroctiuu  contrary  to  that  whoncti  the  stimulus 
arrives,  have  nonu  whore  continuity  of  fibre  and  cell 
would  be  iiiiliapensable  on  the  current  hypothesis.  Li^t 
stimulates  the  rods  and  coues,  but  th«ni  ure  no  n«rve- 
tibres,  liitherto  discovered,  passing  from  these  to  tlie  gan- 
;^Itonic  ceU» ;  instead  of  that  thvre  is  a  f^ouiid-sulist^inco 
thickly  intersperaed  with  granules  and  nuclei.  From  the 
cclla  wc  see  processus  issue;  to  thu  cells  none  are  sc«u 
arriving.  So  witli  tlie  cerebellum.  The  large  cells  send 
tltvir  processes  upwards  to  the  surface;  but  dowiLwanU 
towatda  tbe  white  substance  tho  processes  ore  lost  in  the 
granular  layer,  which  most  histologists  regard  as  connec* 
tive  ti&sue. 

lo.'>.  A  mere  glance  at  nervous  tissue  in  any  part  will 
show  that  ci-lls  aro  far  from  forniinj;  the  principal  coustit* 
uents.  In  the  epidermis  or  a  gland  tho  cell  ii>  obviously 
tlio  chivf  L-lemrnt,  forming  the  bulk  of  tliv  tissue,  and 
being  the  chamcteristic  agent  In  nerve-tissue,  as  in 
connective  tissue,  the  ruverse  is  tho  casu.  Wv  must 
therefore  cease  to  regard  the  cell  as  having  the  impor- 
taace  now  attached  to  it,  and  must  mUivr  throw  the 
emphasis  on  the  fibres  and  neuroglia. 

166.  Before  quitting  this  subject  let  a  word  be  said  OD 
tbe  ainazing  classification  which  has  attained  wide  accept- 
ance (atthotigh  rejected  by  tht;  most  eminent  authorities), 
founded  on  the  size  of  the  cells  —  thu  large  multipolar 
cells  being  specified  as  motor,  the  smaller  cells  as  sensory, 
while  those  of  an  intermediate;  six«  aro  sympathetic.  I 
forbvar  to  dwell  on  the  development  of  this  notion  which 
specities  sensational,  ideational,  and  emotional  cells,  be- 
cause tliis  di>os  nut  pretend  to  have  a  basis  in  observation ; 
whereas  there  are  anatomical  facts  which  give  a  certain 
NUperticiftl  plau.sibility  to  tlie  original  c]a<aification.  The 
conception  is  profoundly  unpliysiological ;  yet,  if  the  aaa> 
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ffrr'^*  evitleim  ven  eoortsnl,  ooe  nri^  ^rc  Ifc  i 
{nlcqitctation.  The  erideaee  ia,  Imwew.  bo 
toy  cdb  are  found  jp  ngiooi  MritJ'Wul  lo  •aMory  aerrc^ 
kad  tmU  «ellfl  ia  motor  lepooi.  In  Uw  sptwl  eonl  of 
llw  tortoJM  fkiMk  deekiM  thit  the  MoOad  Bolnr  edk 
■n  limited  Ui  the  cervical  and  lomfaar  eolugenaita ;  iD 
the  mt  of  Uw  noCoT  rqpoD  being  aboolirtriy  deHitMe  of 
thmn.*  Again  look  at  Um  ceDs  of  the  ntin — do  one 
wfU  MrigD  motor  funetioiM  to  them — jet  tbejrare  xbe 
•una  m  thoae  of  tbe  cerebeDirai  and  the  anterior  boras  of 
Um  ffifaial  ootd.  (It  b  worth  a  poasing  mentioB  tlmt  the 
•tructuro  of  the  nervous  parts  of  the  retina  man  doaely 
reaemldcs  tital  of  the  cenbellom  than  of  the  cerebram.) 

Ifi7.  Wliilc  OUT  knowledge  of  the  cell  U  (has  hrindeenl 
ftoEu  having  tbe  inoctnon  which  the  textrbooks  dtsfJajr, 
and  in  tio  Knee  warniut«  the  current  physiological  inter- 
prututiuns,  our  knowledge  of  fibres  and  nenroglia  is  also 
too  i»<Mniii(l«t«  for  theoretic  purposes.  AVe  know  il»t 
the  axb  cylinder  U  the  essential  element;  but  we  aiv 
still  at  B  Idas  what  port  in  to  be  assi^cd  to  the  medullary 
■hoitJi.  Ttiere  is  indeed  a  popubr  hypotbeos  which  pro- 
nouncea  it  to  be  tlic  means  of  insulating  tbe  fibro,  and 
tlins  preserving  the  isolated  conduction  of  nerve^foroe. 
Being  vf  a  fatty  imturi;,  thU  insulating  office  was  readily 
suggested  in  agreement  with  the  assumption  that  Ne«ril- 
ity  was  Elcctiicity.  Xow,  without,  discussing  whether 
Neurility  ia  or  is  not  Electricity,  even  admitting  the 
former  to  tve  satisfactorily  proved,  1  niuitt  remark  tiiat  the 
adtnission  still  lenvex  tlit^^  ni<!dullnry  sheuth  incapable  of 
fulfilling  the  sup^Kmsd  oftico,  since  not  only  ia  ther«  no 
such  sliuatli  iu  most  of  the  invertcbmtcs  and  in  the  i^)in> 
pathetic  ner\'e8  of  vertebrates,  but  even  in  thoae  nerves 
wliicb  hnvo  the  shcntb  it  is  precisely  in  plnc&s  where  the 
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insulation  wouW  bo  inort  needed  —  namely,  just  before 
the  termiuatioiis  of  the  librea  in  muGcles  and  in  centres  — 
that  thu  tfht^lli  ii  alutnl.  Tliis  is  as  if  wu  tried  lo  con- 
duct water  through  a  pipe  which  fell  sliort  at  both  ends — 
before  it  left  the  cistern,  and  before  it  rcacliud  the  spot  to 
be  watered.  If  there  is  a  t^nduiicy  in  Neurility  to  spread 
wherever  it  is  not  insulated  by  a  medullary  shvath.  then 
before  reactiing  the  ecutivs  and  llio  muscles,  it  niust^  on 
tlie  insalating  hypothesis,  dribble  away  I 

158.  Thu  fact*  txiircssed  in  the  "law  of 'isolated  con- 
duction" are  important,  and  are  diiiicult  of  explanation; 
but  it  is  obvious  that  they  cauuol  be  rL-ferrcd  to  the  pres- 
ence of  the  medullarj-  sheath.  Nor  indeed  will  any  in* 
sight  into  the  propagation  of  stimuliitiou  through  the 
ceulnil  axis  ho  intclligihlo  until  we  have  reformed  our 
anatomical  tlieoriea,  and  taken  the  Keuroglia  into  account. 
The  tlieor)'  which  connects  every  fibre  directly  witJi  a  cell, 
and  every  cell  with  another  by  anastomosis  —  even  weie 
it  demonstrated  —  would  not  explain  the  law  of  isolated 
conduction.  Itutxhc  cogently  n-marks  '  that  such  a  dis- 
position of  tho  elements  should  render  all  neural  imtha 
invariable ;  whereas  the  fact  is  that  they  are  very  varia- 
ble. We  leitm  to  pcrromi  actions,  and  then  wc  uulearn 
them ;  tlie  paths  are  travereed  now  in  one  direction,  now 
in  another.  Fluctuation  is  the  characteriatic  of  central 
comhinationa.  And  for  this  fluctuating  conibinjitiou  of 
dements  a  corresponding  diversity  is  required  in  the  pos- 
sible channels.  This  seems  to  be  furnished  by  the  net- 
work of  the  Neuroglia.  See  the  representation  copied 
from  Butzke's  plate,  and  note  how  the  eell-jiroc&ts  t)lend.t 
with  tlie  tneshes  of  the  Neuroglia.  Is  it  fanciful  to  regard 
this  network  of  fibrils  as  having  somewhat  tlie  relation  of 
capiUaries  to  blood-vcsschi  ?     Did  wo  not  experimentally 

■  BuTiKE,  in  AnliiB  /Ar  mikmJcapUcht  Anahmif,  Bd.  III.  Kelt  3. 
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IcDow  that  the  capillurics  arc  t«rmiual  blood-veaaels,  we 
should  not  suspect  it  from  mere  examination  of  tlie 
structun!, 

159.  Uaviiig  iDsist«d  that  our  ktiowl«<1g«  is  iD»uificieut 
for  any  explanation  of  the  "  Uw  of  isoUted  conduction,"  I 
can  only  suggest  a  path  of  I'e^earch  which  may  load  to 
6ome  leault  What  we  knovr  is  that  soine  stimulations 
are  propagated  from  one  end  of  the  oerebro-spinai  axis  to 
the  other  in  definitely  rtstrided  paths,  while  others  are 


Vlg.  H—  XtnrailiirUli  I'liimn  Umiiiatiiig  In  nmrogliii, 

irradiated  along  many  paths.  In  the  succeeding  chapter 
tliis  will  be  more  fully  considered ;  what  we  have  here  to 
note  is  that  the  manifold  irradiations  of  a  stimulation 
have  an  anatomical  substratum  in  the  manifold  sub- 
divisions of  the  network  of  fibrils  and  the  aiuor])hou8 
substance  in  which  they  peiiotratt'. 

160.  Id  conclusion,  I  would  say,  let  no  one  place  a  too 
great  confidence  in  the  reigning  doctrines  respecting  the 
elementary  structure  uf  the  nervous  sj'slem.  but  accept 
every  statement  as  a  "  working  hyitothesis "  which  has 
its  value  in  so  far  as  it  links  together  verified  fact*,  or 
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sugge&ta  nev  research,  but  ia  wholly  Trithont  value  in  bo 
far  as  it  IB  made  a  basis  of  deductions  not  otherwise 
verified.  Hypotheses  are  indispensable  to  research,  but 
they  must  be  accompanied  by  vigilant  Bcepticism.  Imagi- 
nation is  only  an  enemy  to  Science  when  Scepticism  is 
asleep. 
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CHAPTER    THI. 


THE  LAVS  or  XEKTOUS  ACTTmr. 


161.  The  foregoii^  nnuirin  bare  bad  tiie  object  of 
sbowing  how  littte  sabetantial  aid  Psychology  can  >  at 
proioilit  derive  fmm  what  ts  known  of  the  eleroeotaiy 
sUitetatc  of  the  nervous  system,  mdi»pensab1e  as  ao  ac- 
curate knowledge  of  that  structure  most  be  to  a  com- 
plete analysis  ot  its  functioos.  This  caution  has  been 
specially  addressed  to  tboM  i»edica3  imd  psychological 
■todents  whose  researches  leave  thetn  insafiicient  letsore 
to  puntw  micnaoopical  investigations  for  tbenuelves,  and 
who  are  theTefon  forced  to  rely  on  aecmid-banil  know]. 
edge,  which  is  usually  defective  in  the  many  quabfy- 
iog  considerations  which  keep  sceptidsm  vigilant  Itely- 
ing  on  positive  statements,  and  deltisive  dtagnuns  whkli 
only  display  what  the  obaen-er  imaffhu*,  not  wliat  lie 
actually  aeea,  they  construct  on  such  data  tbeonc«  of  dis- 
ease, or  of  mental  processes ;  or  else  tJiey  translate  ob- 
served facts  into  tlie  tenus  of  tliis  iina^nary  anatomy, 
and  offer  the  trnuslation  as  a  new  contribution  to  Science. 

162.  But  little  aid  as  can  at  present  be  derived  from 
the  teaching  of  the  microscope,  some  aid  Psychology  may 
even  now  derive  from  it-  The  teaching  will  often  scr%-c, 
for  instance,  to  correct  the  precipitate  conclusions  of 
subjective  analysis,  which  present  Brtificial  distinctions 
08  real  distinctions,  sepamtini;  what  Nature  has  united. 
!t  will  show  certain  organic  connections  not  previously 
suspected ;  and  since  whatever  is  otpiuicully  connected 
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GBiiuol  fimctiotiali;  be  8«parate(l,  such  shaiply  marked 
analytical  distiQctions  a«  those  of  periphery  and  centre, 
or  of  sensation  and  motion,  must  be  only  regarded  as 
iirtificial  uid^.  I'he  denion-ttration  of  the  indiatoliiblc 
union  of  the  tissues  is  u  demonstration  of  their  functional 
co-operation.  Ho  al.so  the  anatomical  demonatiation  of 
the  similarity  and  continuity  of  all  parts  of  the  central 
system  seu^  aside  the  analytical  separation  of  one  centre 
from  another,  except  as  a  convenient  artifice;  proving 
that  cerebral  snhstance  is  one  with  Gpiual  substance, 
hnviiiH  the  same  iirojicrtics,  the  same  laws  of  action. 

For  the  present,  i'sycliology  must  seek  objective  aid 
from  Physiology  and  Pathology  rather  tlian  from  el«« 
mentary  Anatomy.  In  the  paragraphs  which  are  to  fol- 
low I  shall  en<leAvor  to  select  the  chief  laws  of  nervous 
activity  which  the  n.'wearches  of  physiologists  and  patholo- 
gists disclose.  By  these  hvra  we  may  direct  and  control 
pi^ehological  research. 


THK   RNEKCV   OF  KECBILITr. 

163.  Vitality  ia  characterized  by  incessant  molecular 
moveMifut,  both  of  composition  and  decomposition,  in 
the  huililing  up  of  structure  and  the  liberation  of  cnei^. 
'Hie  life  of  every  organism  is  a  complex  of  changes,  each 
of  which  directly  or  indirectly  affects  lint  statical  and 
dytittiniciil  reliilion*.  each  being  the  nesiUlanl  of  many 
co-operant  forces,  in  the  nourishment  of  every  oi^nite 
tliere  is  an  accunnilotiou  of  molecular  len^ian,  that  is 
to  say,  Btorcd-up  energy  in  a  latent  stale,  ready  to  be 
expended  in  the  activity  of  that  ot^gauite;  and  this  ex- 
penditure may  take  ])Iacc  in  a  steady  flow,  or  in  a  sud- 
den gush.  The  molecular  movements  nniler  one  aspect 
may  he  called  coiivitr:gent,  or  formtttive :  they  build  the 
structure,  and  lend  to  the  state  of  equilibrium  which 
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we  oU  th«  atAticftl  coodilion  of  tlio  otgaatte,  i.  a  tbe 
coDditioD  in  which  it  is  not  active,  but  ready  to  act 
Perfect  ctiuilihriiiin  is  of  course  never  utuiiiud,  ovt'mg 
to  tlte  incessaat  molwular  change :  indeed  Life  is  incon- 
sistent with  complete  repoae.  Under  another  niiiwol  the 
molecular  movcniuuts  nuiy  be  culled  dufhdr'jimj :  tJiey 
constitute  t)i«  dynatuic  condition  of  the  oi^^iiitiF,  in  which 
its  functional  activity  iippearn.  The  eucrj;^'  i«  now  di- 
verted, liberated,  and  the  surplus,  over  and  above  ttiat 
which  is  abAorbed  in  fonnutirm,  in»tvail  of  idowly  drib- 
bling off,  gushea  forth  in  a  directed  slreain.  The  slow 
fonontion  of  u  seca«tioi>  in  a  gtaiid-cvll,  atu!  the  dischar;!^- 
of  that  secretion,  will  illustrate  this ;  or  (if  muscular  i<me 
be  miuiitiwi)  the  incipient  contraction  of  the  chronic 
state,  atid  the  complete  contraction  of  the  dynamic  state, 
may  alsti  he  cit«d. 

164.  The  dtschat]ge  which  follows  excitation  may  thus 
be  viewed  as  a  dirtcUd  qtuxntity  of  molecular  movement. 
Itecause  it  is  alwaj-s  strictly  relative  to  the  energy  of 
tension,  and  is  inevitable  when  ihitt  U^usiou  nttnins  ii 
certain  surjJus  over  what  is  required  in  construction, 
tliere  is  a  hmit,  1',  to  the  growtli  and  evolution  of  every 
orjwJiite,  and  every  organism  (compi  Problem  I.  §  118), 
and,  2°.  to  its  dynamical  effect  Wlien  there  is  no  sur- 
plus, the  organite  is  incapable  of  discharge:  it  is  then 
exhausted,  l  e.  will  not  respond  to  stimulus. 

IG.').  The  speciality  of  nerve-tissue  is  its  pre^nunenee 
in  directive  cnorfyr.  Ijke  all  other  tissues,  it  grows,  de- 
velops, and  dies ;  but  above  all  others  it  has  what  we  call 
txdtnhiiiiif.  or  readiiieas  in  discharging  its  energy  in  a 
directed  stream.  By  its  topo^oaphlcal  distribution  it 
plays  the  functional  part  of  exciting  the  activity  of  other 
liMUGs:  it  transmits  molecular  dislurbauco  from  poriph- 
eiy  to  centre,  from  centre  to  centre,  and  from  centre 
to  muficlea,   vessels,  and   glands.      When  a    muscle   \a 
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excited  it  moves,  nnd  whea  &  gland  is  excited  it  secretes ; 
))ut  tltew  actions  end.  so  to  cpeak.  «-iUi  tlivmeelvea ; 
the  muscle  does  not  directly  move  auy  other  mtiAcIc;* 
the  gland  docs  twl  dinwtly  excite  auy  other  t^Iaiid.  The 
nerve,  on  the  coDtntry,  has  always  a  wide-spKading  efieot ; 
it  excites  a  odiitre  whicli  in  continuous  with  other  cen- 
tres; mid  iu  uxcitiug  one  niosck.  usually  excites  n 
grouix  tlence  the  nervous  syateni  is  that  trhifh  hittda 
tkt  diffrrtiU  organs  into  a  dynamic  «nit>f.  And  Compara- 
tive Anatomy  teaches  that  theie  is  a  parallelism  between 
the  development  of  this  system  and  the  efficient  com- 
plexity of  the  organism.  As  the  tissues  Income  more 
mid  more  itpccialixctl,  und  t&o  oi^(;aits  more  and  mure  iiuli- 
viduolized,  they  would  become  more  and  more  uitsuited 
to  the  general  service  or  tlie  vrgniiism,  were  it  nut  that  u 
corresponding  development  of  the  nervous  system  brought 
a  unifying  mcchuRism. 

The  i^reat  instability  of  neurino,  in  other  voi'ds,  iX* 
high  degree  of  tension,  lenders  it  especially  apt  to  dis- 
turb iJio  tension  of  other  tissues,  it  is  very  variable; 
and  this  vunability  will  have  to  be  taken  into  nrcoutit 
in  explaining  the  restriction  of  disGhai:ges  to  particular 
centres.  \  <;ood  example  of  cxagu;erated  tension  is  fur- 
nished by  strychnine  poisoning.  The  centres  are  then 
90  readily  excitable  llmt  a  touch,  or  a  puff  of  cold  air  on 

■  Except  in  tlio  ran  msm  «Iiere  tli««  i"  MMtonM^lt  «l  t)i«  miuclr- 

ntiTM ;  M,  for  raiiniilr.  in  the  IhwI.  f  AMurdiDR  to  EKOCUKAHK'a 
mrarlubto  ramrdin,  the  mtudtsoT  tb*  hmit  Torni  s  rontinuiini.  n  llut 
imtatian  ii  propogilfvl  fraui  otw  to  thr  othrr:  f/tiycr't  ArrJiir,  IS7S, 
|>.  tn.  Tlii»  U  liiiJiililubly  thp  ca.«  in  tbc  niibryHiiic  hrnrl,  »s  EcK- 
tiAnn  pointed  out.]  Tliis  1  hoH  tot*  llio  mnlii  cauwof  ilii  rh;thnik 
ptilntion  •flpr  rnu&rjil  tTi>iii  tin-  Iwdy.  WlateTW  iiifluflii*  lli-  |t>n||tl« 
iiwy  h*v»  ill  i>xrltiiiK  llii*  piiUalion,  »uch  influenfi'  noaU  1«  j«HiTle»« 
wm  not  the  luiiictci  iki  cotiiiit-tuil  ;  ■*  [imjr  Im  itirn  in  thi'  otlirr  org»tn 
wliiiih  BIT  ri-^IilT  Kiipjiliml  Willi  B«nKli»,  yt  do  not  niovi<  «jio[itiii"Hi«ly  ; 
a»4  ill  otstna  {tiKh  at  tho  nR'ter  ot  the  cmbrroiilc  lii>arl,  aiwl  tlic  hrarti 
0(  inTcrtrlinta)  whicli  mow  •poll Uiicou fly,  yet  have  no  ganglia. 

Vl>l.    III.  11 
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the  skill,  will  (letennine  convuUiona.  And  it  ia  worthy 
of  remurk  thtil  lor  some  hour*  after  this  conviilaive  cUa- 
chai^  the  centres  return  to  sometliiii^  like  iheir  normal 
state;  and  the  animal  may  then  be  stroked,  pindied, 
or  blown  upon  without  abnormal  reactious.  But  during 
this  interval  thn  centres  are  slowly  acctimtilating  excess 
of  tenaioii  from  tlio  iioiaoneil  blood  ;  and  at  the  close,  con- 
\'i]Isinn.'<  will  again  follow  the  slightest  stimulus.  Tliis 
alteniatiuii  of  exhaustion  and  recrudescence  ia  noticed 
by  Schriiiler  van  det  Kolk  in  the  periodicity  of  the  phe- 
nomena exhibit«il  in  spinal  diaeasa* 


THE    PIlOfACATlON   OF  EXCITATIOS. 

16B.  TJnderstanding,  then,  that  the  propagation  of  an 
excitation  depends  on  the  state  of  tension  of  tliu  tiasue, 
and  always  follows  the  line  of  least  resistance,  whichever 
that  may  !>c  nt  the  moment,  we  have  to  inquirv  whether 
the  transmission  takes  place  only  in  one  diniction,  from 
periphery  to  centre  in  sensory  nerves,  and  from  centre  to 
periphery  in  motor  nerves  ?  By  most  jihysiulo-jists  this 
is  anewered  allinnatively.  Indeed  a  special  property  has 
been  assigned  to  each  nerx-e,  in  virtue  of  this  imaginary 
limitation  of  centripetal  and  centrifugal  conduction.  Tb« 
"  nerve-current "  (accepted  a.t  a  phyaical  fact,  and  not  sim- 
ply a  metaphor)  is  aupjjoscd  to  "  flow "  from  the  cential 
cdls  along  tile  motor  nerve  to  the  muscles;  but  by  a 
stiaoge  overaiylit  the  current  is  also  made  to  "  flow  "  to- 
wards the  central  cells  which  are  said  to  produce  it  I  Now 
although  the  fact  may  be,  and  probably  i^  that  nonnidly 
Uie  sensory  nen,'e,  being  stimukted  at  its  peripheral  end, 
propagatca  the  simulation  toward-s  the  centre,  and  the 
motor  nerve  propagates  it£  central  stimulation  tuwenls  the 
periphery,  the  question  whetlier  each  nerve  is  not  capable 

*  ScBKCiCEli  VAN  PEa  KoLK,  fiitu  viid  FunJUiontn  dtr  iM.  .'^I'inatii, 
p.  87. 
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ot  transmissiou  in  both  directions  is  uot  thus  answered 
A  priori  it  is  iimtional  U}  assert  that  iiervea  rumlaineu- 
tally  alike  in  composition  and  Htnicluru  lire  iiulikv  in  prop- 
erties;  and  \VQ  mi}j[ht  oa  well  8iip]K)se  that  a  train  of 
guupo^sdtT  could  only  be  fired  at  one  end,  as  to  su]i[)0su 
that  a  nerx-e  could  only  be  excitod  atone  end.  Atul  how 
doea  tii«  evidence  support  tliis  «  priori  conclusion )  Du- 
bois Itoymond  pruvud  that  each  iicrvv  couduct^id  elec- 
tricity in  both  directions ;  but  as  Neuritity  has  not  been 
Mti^factorily  shown  tw  be  identical  with  the  electric  vur- 
lent,  tliis  may  not  be  considered  decisive.  Such  a  doubt 
does  not  hang  over  thu  followin;^  facts.  M.  Paul  Bert, 
(vurauing  .lohn  Ilonter's  curious  experiments  on  animal 
tfrafting,  has  grafted  the  tail  of  a  rat  under  the  skin  of 
the  rat's  bock,  the  tip  of  the  toil  betn^^  inserted  under  Uie 
skin,  its  base  rising  into  the  air,  so  that  there  is  here  an 
inversion  of  the  normal  position.  In  the  course  of  time 
Sensibility  gradually  reappears  in  this  grafted  tail ;  and  at 
tJu}  end  of  about  twelve  inooths  tlie  rat  not  only  fecia 
when  the  tail  is  pinched,  but  knows  whrre  the  irritation 
lice,  and  tunw  round  to  bite  the  piiiwr^'  Here  wo  have 
a  case  of  a  sensory  ncrvo  reversed,  yet  transtuittiu};  stim- 
ulation from  the  base  to  the  tip  of  ttie  tail,  instead  of  from 
the  tip  to  the  bade,  oa  in  a  nonual  orjjan.  Yulpiau  and 
Philippeaux  having  divided  two  nerves,  united  the  central 
end  of  the  sensory  ner^o  with  the  peripheral  enil  of  the 
motor  ocrvc ;  when  the  organic  union  was  complete,  and 
each  nerve  was  formed  out  of  the  halves  of  two  different 
uervea,  the  cflcct  of  pinching;  one  of  these  was  to  produce 
simultaneously  pain  and  movement,  showing  that  the  ex- 
citation was  tmti.'tTiiitted  upwards  to  (he  centre,  and  down- 
wiu'ds  to  the  muscles-t    It  may  be  compared  with  a  train 

*  It  ii  VFry  ii»laicUv«  to  Iwm  tlmt  for  ume  ux  Tnonthv  or  to  tlw  nu 
U  unite  liifiai«lil#  i.f  e<irT«cll)'  Idealising  the  |iiiili, 
t  TuLi-iAX,  Ijifms  nir  U  St/tlinu  AVmi^  p.  !G8.     Th*  rxpcrimaal 
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of  gitnpowder  liaving  a  loaded  rannoii  at  nne  end  ami  a 
liuiuUe  of  siniw  at  the  other,  wlit-ii  if  a.  spurk  be  dropjwd 
aDjwberc  ou  tliis  Imiii,  the  Hauie  runs  along  in  both  direc- 
tions, explodes  tbe  cannon,  an<l  »ei»  ali({)it  tho  straw. 

167.  Indeed  wc  have  uuly  lo  remember  tbe  semi-liquid 
natare  of  tbe  axis  cylinder  to  see  at  aaco  that  it  must  cOD- 
duct  a  vave  of  mutton  as  rcaddy  in  one  ditx.-cttoii  b»  in 
another.  A  liquid  transmits  waves  in  any  direction  ac- 
cording to  the  initial  impulse,  lltere  is  consequently  no 
reason  for  sssertint;  tbat  because  the  usnal  direction  is 
oentripetal  in  a  sensory  nerve,  and  centrifugal  in  a  motor 
ner%'e,  each  n«rvc  is  incapaUt  of  trausmilting  excitations 
in  liotb  directions.  And  1  think  many  plicnomena  are 
more  int«lligib]e  on  the  iisiuniptton  tbat  neural  tmiisroia- 
aion  is  m  both  directions.  If  tbe  eye  is  fixed  steadfastly 
un  a  particular  color  during  some  tninat«s,  ibe  rolina  be- 
comes exhausted,  and  no  loiter  responds  to  the  stimulus 
of  tbat  L-uIor :  liere  tbe  stiinulation  is  of  course  centripe- 
tal But  if  in.ttead  of  looking  intently  on  the  color,  Uie 
mind  (in  complete  abeeoec  of  light)  pictures  it  intently, 
thu  cereirral  ivutgn  is  oftally  fapabk  of  txhauating  ikf:  r<U 
ina;  and  unless  we  believe  tbat  color  is  a  cerebral,  nut 
«  retinal  phenomenon  {which  is  my  private  opinion),  we 
must  accc])t  this  as  proof  of  a  centrifugal  excitation  of  a 
sensory  tract  Another  illustration  may  lie  dravm  from 
tlie  muscular  umusu.  There  may  be  a  few  ecnsor^-  fibres 
diatribnt«d  to  muscles ;  but  even  if  the  obsen.'ation«  of 
Sachs*  should  be  coutirnied,  I  do  not  think  tliat  all  mux- 
ele  sensations  can  be  assi^ed  to  these  fibres,  but  that  tlie 
so-called  motor  fibres  nui»t  alwi  co^pemte.    Wli«»  a  nerve 

h»  b«Ti  fuiifinriMl  liv  RosrvniAi.  aiul  \n  Riiiher  (Arrki*  fir  Am- 
litmit,  IStin,  |).  3K>,  nbo  flnt  (in  1#1!)  attrmptHl  iliix  iinlon  <4  (UfflncM 
ii''rTT%  Imt  inivrd  •!  ncptim  imuIIb;  n*  djil  gtiiirr  (LAr^A  dir 
PkiaM  .  18B9,  f.  isn  *n>ICi.r(^etfTHiuiM«fcE{./fii>i>irM  de*  Seititea 
X'^unUit.  IMS.  ^  ISlt. 
•  SacBs.  in  Ihp  ArAit/ir  A»at..  tS7l,  pp.  IBS,  jj. 
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acts  upou  ■  muscle,  tlte  muscle  reafito  on  Ute  n«rvc ;  and 
wh«ii  a  iiene  iR-ts  on  n  centre,  the  centra  nsacts  on  tlie 
nerve.  Tiie  a^jilation  of  the  ceiitiHl  tiasuc  cannot  leave 
llifi  nerve  wltivh  blciids  willt  it  aDaflected ;  the  flotation 
of  the  muaciilar  tissue  must  also  by  a  reversal  of  tlie 
"carreiit"  nfTect  iu  uen'e.  Laploi-v  poiut«  out  hovr  tlie 
movement  of  the  hand  which  holds  a  suspended  chain  is 
propagated  along  the  cluiin  to  its  terminus,  and  if  when 
the  chain  is  at  rest  we  ouce  more  set  thst  terminus  in 
motion,  the  vibration  will  remount  to  tlio  hand.*  The 
contraction  of  a  muscle  will  not  only  sliutiihttc  the  sen- 
sory tibiea  distributed  tJirough  it,  but  also,  1  conceive, 
stimuliitc  the  very  motor  fibrus  ^bii^li  ciuhimI  the  ceutrae- 
tion,  aince  tJiese  hbree  blend  with  the  muHctct 

168.  To  utiderstiiud  thi^,  it  i^  noc^t.tary  to  remember 
that  Die  stimulation  of  a  nerve  dues  not  arise  ^  in  the 
rhanged  state  of  tliat  nene.  but  in  the  proctst  of  cJiange. 
i  e.  the  disturbance  {>f  the  tension.  The  duration  of  the 
stimulation  is  tlint  nf  the  chan<;ing  process,  and  the  in- 
tensity increases  with  the  difFcrential  of  the  velocity  of 
cJtange,  So  tliat  when  a  nerve  which  has  been  excited 
by  a  change  of  state  returns  to  its  former  state,  tliis  return 
—  being  another  change  —  is  a  new  excitation.     That  it 

•  Laplaoi:,  Eaai  PtiUat.  »ur  /«  Prvbabiiaa,  p.  88B. 

t  The  mmlu  of  tiniiination  af  nrrvc»  in  iniwclM  U  attll  ■  point  on 
«hi«]i  hiitologiiU  iliingim! :  jmihably  b«muiic  Ihcro  ii  no  abrupt  iRimi- 
Utlon,  bnt  s  blvuiling  of  llie  ona  tinue  irith  th<^  otlicr  In  the  Tardi- 
ipadci,  (ar  riani[itc,  thvri'  U  M-ttmlly  no  a|ipr«i-Ubli>  iliatiiii-Liuii  between 
nrrvo  BiiJ  miiKlf  nt  tlif  point  of  ItiiuTtion  of  the  nirxfi ;  oml  If  In  the 
1i[jj)ier  KDitiiala  thrrc  U  mi  npprniuibtp  dilTprcnii.-  brtwrtn  ncrt*c  Uid  ta\a- 
c\f,  ihfiv  Ik  nil  iiiH'*p>inibl<>  blpiidiTii:  of  iiiiil[irvri'iiti»lvi]  atilisliini'ti  «t  tlirir 
point  of  jnnctlon.  fAcconllnft  to  F.s-iiCi.HAK\'t  recant  ra*iiir<:lwt,  thnir 
■ttnw  gooil  nuon  to  mppoK  thiit  muwlcs  are  compowd  of  contrwrtili 
autatuiw  and  a  Bubstaui'V  uliiub  it  r  iiiuililicBtiuu  of  HxlB-cyliiider  aub- 
itanc*  ;  ibc  llr»l  Wng  iloiibly  rofnwiliig,  lli«  Mcoiid  faottflpic:  lyUgtri 
AnUv.  1H7J.  |>.  tS2.] 

t  BcHirr,  ZeArhicA,  [i.  7*. 
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ia  not  tlie  changed  state,  but  the  change,  which  is  opera- 
tive, «xpUiu3  the  fact  noted  hy  Uromi  St'ipianl :  a  fmg 
poisoned  by  strychmne,  when  dccupitut«(l  ami  all  ru^jtira- 
tion  tleatroyed,  will  renuiin  motionless  for  days  together, 
if  ciircfiilly  ])rot<!Clod  froui  ull  external  excitjilioii ;  but  its 
nervous  system  is  in  such  a  stat«  of  tension  all  this  time 
ihttt  the  first  touch  prodiiceit  g^nenU  coiividnioiia.  yreus- 
berg  nlso  notes  tliat  if  a  brainless  froj;  be  suspended  by 
the  lower  Jaw,  and  one  foot  be  pinched,  the  otlier  leg  1.1 
moved  at  first,  then  quickly  droops  again,  and  reriiaiiis  at 
rest  until  the  pincars  are  removed  from  the  pinched  foot, 
when  suddenly  all  four  Ic^  are  violently  moved  by  the 
stimulalioa  wkick  the  simple  removal  produces.  Let  «« 
nlso  add  the  wcll-knowti  and  signiflcant  fact  that  if  a 
nerve  be  divided  rapidly  by  a  sharp  razor.  tieiOier  senea- 
tivn  nor  inutiou  U  produced.  becauHe  the  intensity  of  a 
stimnlus  being,  to  speak  niatbematiaiUy,  Ike  function  of 
the  dianging  procrss,  the  durution  of  the  process  is  in  this 
caae  too  brief.  On  the  same  ground  the  application  of  a 
stimtilua  will  vxcllo  no  movement^  if  the  force  be  vcty 
slowly  increased  from  zero  to  an  intensity  which  will  de- 
stroy the  ner%'0 ;  but  at  any  stage  a  ntdtUn  increase  wilt 
excite  a  movement 

169.  \Ve  may  group  all  the  foregoing  considerations  in 
tliis  formula : 

Law  L  Every  nonral  process  is  due  to  a  sudden  dis- 
turbance of  the  molecular  tension.  The  liberated 
energy  is  discharged  along  the  lines  of  lca»t  re- 
sistance. 

Tlie  conditions  which  dct«Tmine  the  lines  of  least  resist- 
ance are  mauifuld  and  variable.  The  nenous  system  is  a 
continuous  whole,  each  purt  of  which  is  connected  with 
diverse  organs;  but  in  spite  of  this  anatomical  diversity, 
the  deeper  uniformity  cau.te.s  the  activity  of  each  part  to 
dapend  on  and  involve  the  activity  of  every  other,  more 
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or  less.  By  "more  or  lees"  is  meant,  that  aUIiougli  the 
excitation  of  one  part  necessarily  affects  the  state  of  all 
tlic  otlicrs,  because  of  (iifir  structural  comtnunity,  so  that 
taxh  tentatioti  and  eath  motion  rmtly  repreJxnU  a  ehangr. 
in  thf.  vJu>U  oryanitm,  yet  th<!  n-siionsivi,-  <iiscbHrf;p  dctcr- 
miued  in  each  orgsn  by  this  changi?,  depeixia  on  llie  len- 
Rion  of  the  organ  and  its  centre  at  that  moment,  A  bod 
faaxvi!«t  renlly  affects  the  whole  nation  ;  bnt  its  effect  is 
conspicuous  on  tlie  welfare  of  the  poor  rather  than  of  tho 
rich,  allliough  the  price  of  bread  is  the  same  to  rich  and 
poor.  Nervous  centres,  ami  iniiscnlikr  or  glandtdnr  organs, 
difler  in  their  excitability;  one  condition  of  this  greater 
excitability  being  the  greater  frecinency  with  wliich  they 
an-  calli'd  into  activity.  Tlic  nicdulk  oblongata  is  noi- 
mally  more  excitable  than  the  mcdidla  spinalis ;  the  heart 
more  ihtui  the  lindis.  lleiicc  a  stimnhis  wliich  will  in- 
crease the  respiration  and  the  pulse  may  have  no  a^ireeU 
able  eflect  on  the  limbs ;  but  some  effect  it  mnst  have. 

170.  Imagine  all  (lie  ner\'e*centre8  to  he  a  connected 
group  of  holla  varying  in  siici  Every  agitation  of  the 
connecting  wire  will  more  or  less  agitate  all  the  bells; 
but  sinco  wme  are  heavier  than  other*,  and  sonic  of  tin? 
cranks  less  movable,  there  will  be  many  vibrations  of 
the  wire  which  will  cause  some  bells  to  sound,  others 
aimply  to  oscillate  without  sounding,  and  others  not  sen- 
sibly to  Oficilliite.  Even  some  of  the  lighter  belU  will  not 
ring  if  any  external  pressure  arrests  them ;  or  if  they  are 
already  rinjjing,  the  added  inipnises,  not  being  rhythmically 
timed,  will  arrest  the  ringing.  So  the  stimulus  of  a  sen- 
sory nerve  agitates  its  centre,  and  throngli  it  the  whole 
System;  usually  the  stimulation  is  mainly  reflected  on 
tJie  group  of  muscles  innervated  from  that  centre,  because 
this  is  the  rciidiest  path  of  dischatgc;  but  it  sometimes 
does  not  mainly  discharge  along  this  path,  the  line  of  least 
leeistsnce  lying  in  another  direction ;  and  the  discharge 
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Dcvor  lukcs  l\m  path  without  also  irradiatinj;  upwards 
and  dowQwuixls  thruu^li  the  c4;iilml  tbatia  Thus  imidi' 
Med,  it  falls  iitlA  the  general  stream  of  ueuml  processes ; 
and  according  U>  the  »tiitu  in  whicli  the  various  centres 
are  at  the  niomeDt  it  modifies  their  activity.  A  uervoiu 
shock  —  physical  or  mental  —  sf^nsibly  aflecta  all  the  or- 
gans, A  severa  wound  paraly»a,  for  n  lime,  parts  fiu 
removed  from  the  wounded  spot.  A  blow  on  the  stomach 
will  arrest  the  heart :  n  fright  wdl  do  the  suae.  Terrov 
rcl(Lxc8  the  limbs,  or  seta  them  trembling;  so  does  a  con- 
cussion :  if  a  frog  be  thrown  vtoleatly  on  Uie  ground,  all 
its  niiiAcle8  are  convulsed;  but  if  the  ncrvea  of  one  limb 
be  divided  before  the  shock,  the  muscles  of  tliat  limb  will 
not  be  convulsed. 

171.  We  are  apt  to  rt^ard  the  discharge  on  the  moving 
or;;ana  as  if  that  were  the  sole  resjwuse  of  a  stimulntion ; 
but  altliough  the  most  conspjcnous,  it  is  by  no  means 
the  most  important  ofTcct.  Besides  «xcitiug  the  muscles, 
more  or  less,  every  neural  process  lias  its  infiueitce  on  the 
oinaitic  processes  of  secretion,  and  effects  thermal  and 
electrical  changes.  Schiff  has  demonstrated  that  every 
wiisaliou  raises  the  tecnpemture  of  Uie  brain ;  Xotliuagel, 
that  irritation  of  a  sensory  n^rve  causes  constriction  of 
the  cerebnil  arteries,  and  hence  cerebral  nua-mia.  Brown 
Sfiqiiard  and  Lombard  find  the  temperature  of  a  limb 
raittcd  when  its  skin  is  pinchod,  and  lowered  when  the 
skin  dv^whfrt  is  pinched.  Georges  Pouchet  has  shown  that 
lishes  change  color  accortling  to  the  brigiitne-ss  or  dark- 
ness of  the  ground  over  which  they  remain;  and  these 
changes  are  dependent  on  nervous  stimulation,  luaiidy 
through  the  eye,  division  of  the  optic  nerves  preventing 
the  change.  These  are  so  many  a  posUriori  conhrmations 
of  what  a  priori  may  be  foreseen.  They  are  cited  liere 
lueiely  to  enforce  the  eousidenilion,  seldom  adequately 
kept  before  the  mind,  that  every  neural  process  is  a  ctiange 
whicli  causes  other  changes  in  the  whole  oi^ganism. 
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172.  f^timuli  are  classed  as  extemitl  and  internal,  or 
physical  uu<l  piiysJolo^icul.  The  one  class  comprises  all 
the  agencies  in  the  External  Medium  which  appreciably 
nffoct  the  orj^anisiu ;  the  other  class  all  tlio  c'Iiiui>;es  in.  Uie 
organism  which  appreciably  disturh  tJie  «iuilibriuiii  of 
aaj  oTgau.  Although  the  pn>»«ui«  of  tlio  »lmiH»]iheni. 
for  example,  unquestionably  aflect»  the  organism,  and 
detenniiies  organic  processes,  it  is  not  rei;koned  as  a  slim- 
«lu»  uulc««  the  effect  become  uppreciuble  under  sudden 
variations  of  tlie  jiressure.  In  like  manner  the  blood  is 
not  reckoned  among  the  internal  stiumli,  except  when 
sudden  variations  in  its  composition,  or  its  circulation, 
dutenuine  ftppreciabie  cbange;*,  Jiecnuse  the  external 
stimuli,  and  the  so-called  Senses  which  respond  to  them, 
uns  moiv  conspicuous  tliaii  the  iutcrual  stimuli  and  the 
Systemic  Senses,  tliey  have  unfortunately  usur|)ed  too 
much  attention.  The  massive  influence  of  tlie  Systemic 
Sensations  in  determining  the  desireg,  volitions,  and  con- 
ceptions of  mankind  has  not  Wen  adequately  recogni2ed. 
Yet  every  one  knows  the  effect  of  impure  air,  or  a  con- 
gested liver,  in  swaying;  tht;  mental  mood;  and  how  a 
heavy  meal  interferes  with  muscular  and  mental  cxci^ 
tion*  What  is  conspicuous  in  such  marked  effects,  is 
lew  conspicuously,  but  not  less  necessarily,  present  in 
slighter  stimuli. 

173.  A  constant  pressure  on  tho  tynipunum  excites  no 
sound  ;  only  a  rhythmic  alternation  of  pressures  will  ex- 
cite tlie  scusution.     A  constant  temperature  is  not  felt ; 

*  pRKOKMito  obaerTed  that  the  nSfX  Tnomtrtml^i  in  Iha  \tigt  nf  «  dofi 
vboM  HjiinB  hail  Imm  •livid«il  ■Kvtv  aimdJirnihly  Inai^nnl  afUtr  ft>od  or 
drink.  Tliry  M\  tmm  VQ  t«  tG  pendulum -bnU  in  n  mbulc  atUt  a,  lUrv 
at  Kttrr  hiu]  Wu  drunk.  See  hU  m>i(nii.'t[v>'  niivujuir.  Kffltx-LcJuniin- 
jcji  Uini  lltmilf.  in  FJfUi/ei'i  Arehir,  1S74,  p.  809. 
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only  clian^cs  iu  tviiiiiuriiluitf.  If  Light  iind  Sound  wen* 
wt  nniforiD  as  the  circulation  of  the  blood,  or  the  pressure 
uf  thii  utmo«pliere,  wc  should  he  seldom  conscious  of  the 
existeace  of  these  stimuli.  But  Iweiiuse  the  changes  are 
\'surie<l  and  marked,  our  attention  \a  necessarily  arrested 
by  them.  The  chaugys  goiiig  on  withiu  the  tissues  are 
too  gmduated  to  fix  the  attention ;  it  ia  only  by  consider* 
iug  their  eumulalive  vlTocls  that  we  become  impressed 
with  their  importance.  For  example,  the  development 
of  the  sexual  glands  determines  conspicuous  ]>hysiciil  and 
moral  results  —  we  nol«  consequent  effects  on  voice,  hair, 
bonis,  structure  of  the  akull  and  sixc  of  the  tniLscles,  no 
less  tlian  the  rise  of  new  ft'clinga,  desires,  instincts,  ideas. 
Any  organic  interference  with  tho  activity  of  the  ovaries 
will  alter  the  moral  dJspositiou  of  tlie  animal :  supjiressioa 
of  this  organic  process  means  non- development  of  the 
feeling  of  maternity ;  tlie  moral  supcrstruoturo  is  absent 
because  its  physical  basb  is  wanting. 

174.  Blood  supplies  the  tissues  with  their  plasmodes; 
a  constant  supply  of  oxygenated  blood  is  therefore  necea- 
saiy  to  the  vitality  of  the  tissues.  But  it  is  an  error  to 
suppoee  that  oxygen  is  the  special  stimulus  of  nerve- 
centres,  or  that  their  activity  depends  on  their  oxidatJoR ; 
on  tJie  contrary,  the  deficioucy  of  oxygen  or  surplus  of 
carbonic  acid  i.t  that  which  stimulates.  When  saturated 
with  oxygen,  the  blood  pamlyzoA  respiration ;  when  some 
of  the  oxygen  is  withdrawn,  respiration  revive*  Here  — 
as  in  all  other  cases  —  we  have  to  i^niember  tlial  differ- 
ences in  degree  readily  pass  into  differences  in  kind,  so 
that  an  excess  of  a  sttmiiltjn  produces  a  reversal  of  the 
effect;  thus  altbough  surplus  of  c^irbonic  acid  excites 
respiratory  movements,  excess  of  carbonic  acid  causes 
Asphyxia.  Abundance  of  blood  is  requisite  for  the  con- 
tinuous activity  of  nerve-centres;  but  while  a  temjmrary 
deBciency  of  blood  rendera  tbem  more  excitable,  too  great 
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u  (IcGcicDcy  paralyzcii  them.  Antcmin,  vrhJcti  causes  great 
excitability,  and  convulaions  (so  that  iiorves  when  dying 
aio  most  irritAblu),  may  easily  bucome  the  aaue  of  the 
tieatli  of  UiB  tissuo.  There  ore  substoucea  which  can  only 
Im)  dissolved  by  n  given  ({uantity  of  liquid ;  if  tliiii  quan- 
tity be  in  excess,  tbcy  uru  pn-cipilut^-d  from  the  solution. 
There  are  vibrations  of  a  given  order  n-bich  cause  each 
string  to  respond;  change  the  special  order,  and  the 
string  retum.i  to  ita  repose. 

Tu  UiQ  stillness  iind  darkness  of  the  night  we  are  ex* 
eluded  from  mo6t  of  the  external  stimuli,  yet  u  massive 
stream  of  systemic  sensations  keeps  the  sensitive  mechan- 
ism active,  and  in  sleep  directs  the  drtaias.  The  cianiia 
and  epileptiform  attacks  which  occur  during  sloej)  are 
utoitt  probably  due  to  tho  over-oxcitabiLity  produced  by 
surptua  carbonic  acid.  To  temporary  ana-mia  may  be 
Msigncd  tlii;  strange  cxaggcnition  of  our  sensations  dui^ 
ing  tlie  momenta  which  precede  awakening;  and  the 
grcutvT  vividness  of  dream-ininges. 

It  is  only  needful  to  mention  in  passing  tlie  varied 
stJRiuli  by  which  cerebral  changes  net  \)\mn  the  organism. 
Thy  mention  of  a  name  will  causa  a  blusli,  a  brightening 
of  the  eye,  a  quickening  of  the  pulsa  The  thought  of 
Iter  absent  infant  will  cause  a  Bow  of  milk  in  tlie  mother's 
breast. 

1 75.  We  may  formulate  tlic  roregobg  considerations  in 
another  law : 

Law  If.  The  neural  excitation,  which  is  itself  a  change, 
directly  ciuises  a  change  in  the  organ  innervated, 
and  indirectly  in  the  whole  organism. 

The  siguifieunce  of  this  law  is,  that  although  for  the 
convenience  of  research  and  exposition  we  isolate  one 
organ  from  the  rest  of  the  or^nisni,  and  one  process  from 
all  tho  co-opcrant  processes,  we  have  to  remember  that 
this  is  an  artUice,  and  that  in  I'eality  there  is  uo  such 
separation. 


178. 
Odr  cpeod 
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LftV  IIL  A  &inl  or  mdJate  ■«"*■**«■  iaatman  Ifas 
■ttiiUy  of  tba  flign ;  bvt  fesj*'^  *  cotiiB  unut, 

iBCraflft    01    SCUDUhMB    StKUBBSI^    md    uBUlT 

Miwtt,  the  actintf.    Dontm  flC  ttUBnbtMW  ts 

«^airalent  to  iaamm. 
A  n«d>  itimalated  ffwrtwclB ;  if  tlxr  stinnlacion  be 
TepcAtod,  tbe  muscle  beeiHDes  tKanued,  and  in  this  state 
hm  tmtbei  iu  finut ;  m  fiedi  stinatlitMn  tbeo  rtlaxa  tbe 
anada.  A  rerj  bint  stnoahtBOD  of  the  Twga  qakbem 
the  polsBtkn  of  tbe  beait.  bat  •  sUgbt  incmae,  or  dxm- 
tion  of  tbe  atjimilition,  abch-ns  and  aircatB  tbe  beail* 
Even-  one  knows  bow  a  modcnte  fe^ng  of  surprise, 
pbeuan,  or  pais  qaickens  the  beait  ami  tbe  napnatioD ; 
and  bow  a  ^lock  of  snrpnse,  jojr,  grief,  or  great  physical 

VMjiiV  iutcoMtks:  "Si  )'•>■  m  wtt  it  Vffu^  io  DhUi  aejnami. 
•a  MHncBM  iHf  >mlimc7  m*  trrittrirra  trtHniirnt  faiUi  n'tJle  as 
ffodall  nean  cSH ;  on  npfradK  •!«••  f(«  h  pm  Im  Jmx  twWnii  da 
PipftnO  aiM  1*  pfan  ftnad  Mia,  pav  ftattiww  d»  mirtiikf^  pat  adSt 
rnUnt  •'Q  Ic  Uot,  (f  Ton  troon  ajail  U  difrt  dTinilatioa  qoi  MeJtfi  In 
liattwQ«M>i  da  tumt  ct  ^ni  ptodatt  la  —"'—■-  da  pobatioaadaBa  TmMi 
it  temp*  adnoM  ptv  rcxpMmoe.  Qnaad  sa  Mt  ft  □  aaOl  ^aa  aiitr^ 
mUrr  <1«  plai  pav  Edn  lUifNialm  rangBMatatlos,  an  aatia  innWiahfi 
p«t  pmdnir*  BHa  diMlnatlaa,  at  aa  lniAa«  peat  anltar  k  ecear  ann^ 
plliwiait  EBiaaalaBtalMB,aBiW9aBtpaak  pea  lei  deal  toUaia,«N 
rtennM  d  to  ;»fa»  gii<  /rarfwB  f aapwwIiWaa  <fc»  MtnwwhL"  Hjanx, 
^pMMM  far  let  (JnyMt  iMtoafcai«<b  rjrtiM  KJUk,  19S4,  p.  OS. 
nin*  hava  bean  aatjaat  dealih  llnawn  ob  thtat  erpwawaa ;  bat  aev- 
*nl  npariewiiten  have  ooaSnoei  tbair  •lactncB.  QniU  raomtly  tkey 
luT*  titan  caalnaad  by  BvuattXAU  H  Mmyf^^Hi,  Vllt. ;  aad  by  liMX)- 
imaadTainu,^naUKiA/*»iioIo7H,  isra,  IV.  p.  41S,  Unmtbe 
waftwiil.  homrcr,  thai  Iba  wbole  m^ert  of  the  bcart'i  iaaffratkn  li 
at  |wiim  very  Impatftctly  attdmhMd. 
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pain  depreaaes,  aiid  eveu  arrests  Uitnii.     Excess  of  light  is 
liliiidiug  I  excess  of  aoumt  dufcniug. 

177.  Tbe  itervous  system  is  inceasoDtly  etimulated, 
and  variably.  Hence  a  great  variation  in  tbe  excita- 
bility of  dilTc-reiit  parts.  While  llie  re^jular  and  mod- 
erate activity  of  one  part  ia  accompanied  hy  a  regular 
flow  of  blood  to  it,  10  that  tbcre  is  a  tolerably  cuDstant 
rhytlim  of  outrition  and  discltarge,  any  irregular  or  ex- 
coaaivc  activity  exliausta  it,  until  Uicrv  Uiu  Iit'on  a  nu- 
tritive restoratiou.  We  can  thus  understand  bow  one 
centre  may  bo  temporarily  exhausted  while  a  neighbor- 
ing centre  is  vigorous.  C^iynide  decajiitat^^d  a  frog,  and 
su^ended  light  weights  to  each  of  its  hind  1«^ ;  wlien 
either  leg  vms  stimulated,  the  weight  attached  to  it  waa 
raised.  After  each  re]>etition  the  weight  was  raised  leas 
aud  IcM,  until  hnally  tlii;  weight  ceasc-d  to  be  ruistMl : 
tlte  centre  bad  been  exhausted.  Itut  now  when  the  other 
It^,  which  had  been  iii  repose,  was  Hliinulat«d,  it  eucr- 
gettcally  contracted,  and  raised  its  attached  weight ;  show- 
ing that  itdi  centre  was  not  exhausted  by  the  action  of  the 
oJiier,* 

178-  Tliis  aeeina  iu  contradiction  with  the  principle 
ttiat  tile  excitation  of  one  centre  is  an  excitation  of  aU. 
It  also  seems  iu  contradiction  with  the  principle  urged 
by  lierzeu,  that  irritation  of  one  Bciatic  ucTi'c  diminiakca 
tJie  excitability  of  the  o|>i)03ite  leg ;  and  this  again  seems 
contradicted  by  the  principle  nrgi^d  by  Sotschenow,  that 
although  nimlerate  excttatioc  of  one  sciatic  nenc  will 
diiuiuish  the  excitability  of  the  other,  a  powerful  excita- 
tion will  increase  it. 

1179.  All  three  principles  are,  I  believe,  exact  expres- 
sions of  experimental  evidence ;  and  their  seeming  con- 
tradictious may  be  reconciled  on  a  wider  survey  of  the 
laws  of  neural  activity,  interpreted  according  to  the  spe- 
*  OAVaAI>Bt  StdUreUt  *ur  la  Mauermrnti  R/fexri,  18S4,  p.  BS. 
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cial  conditians  of  each  cue.  Tbeae  laws  may  be  «oa> 
veniently  danfied  as  laws  of  i>ischBT:ge,  and  Laws  of 
Anest;  lite  aecoDd  being  oa\j  a  paniculor  aspect  of  the 
Srat 

THE  LjLW  at  OlSCILUtGB. 

ISO.  The  pbysiologieal  izulependeDce  of  orgaas,  to- 
gether «-ith  thcdr  intimate  dependcDce  ta  the  oigaiiisiD. 
and  the  fact  that  this  oiganirai  is  incessantly  stimulated 
&OIO  111U17  sides  at  once,  assure  09  a  priori  tliat  the 
"  waves "  of  nkotecolar  moTemeot  due  tv  eacli  &tiinulu# 
tnnst  sometimes  interfere  and  sometimes  blend  with 
others,  thus  diverting  or  neuttalising  the  final  dtscbatge 
in  tlie  one  caae,  and  in  the  otber  case  swelling  the  cur- 
rent and  increasing  tlie  energy  of  the  discharge.  We 
are  accustomed  to  speak  of  one  part  "playing  on  another," 
Vjmpatbizing  with  another,  and  so  on ;  but  witat  is  the 
process  expressed  in  these  met^hors  ?  Vihen  an  idea, 
or  a  painful  wnsntiou,  quickens  the  pulse,  or  increases 
the  flow  of  a  HjcTction,  we  arc  not  to  iuagine  that  from 
a  spot  in  the  eerebnim,  or  the  surface,  lliere  is  a  nerve- 
fibre  going  directly  to  the  heart,  or  Uic  gland,  trausmit- 
tit^  an  impulse;  in  each  case  the  central  tissue  hsA 
been  agitated  by  a  sudden  change  at  the  atimulaied  point, 
and  tlio  discliargv  on  heart  and  gland  is  the  resultant  of 
this  agitaUoa  tdong  tJie  lines  of  lea.1t  resistance.  The 
nerves  of  tlie  great  toe,  for  exampli^  pass  into  the  spinal 
cord  at  a  considerable  distance  IVom  the  spot  where  the 
nerves  of  the  arm  enter  it;  when,  therefore,  tlte  great 
toe  is  pinchc<l,  the  ann  does  not  move  by  direct  stiiniila- 
tion  of  its  nenes,  but  by  the  indirect  stimulation  whlcli 
has  traversed  the  whole  central  substance. 

181.  This  is  intelligible  when  we  know  that  the  wbde 
central  substance  is  continuous  throughout;  but  the  dif- 
ficulty arises  when  we  Iiavc  to  explain  why,  if  tliis  ecu- 
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tral  substance  is  stimulated  throughout,  onl^  arms  and 
legs  RSpond ;  in  other  words,  why  the  toi>-centre  "  plays 
upon "  Uie  ann-c«utrc,  nod  not  on  ibu  others  >  AVhun 
a  frog  is  docapitaled,  if  we  gently  touch  one  leg  with 
the  point  of  the  scalpel,  the  l<tg  will  move,  but  only  this 
I^.  Prick  nioro  forcibly,  and  both  legs  will  move. 
Keep  on  priolcing,  and  all  four  legs  are  drawn  up,  and 
the  frag  li(^  away.  KacJi  excitation  was  propagated 
along  the  cord;  but  tlie  di»:hurgu  was  restricted  in  the 
first  case  to  one  limb,  in  the  second  to  two,  in  the  third 
it  involved  all  llii;  muscles  of  the  trunk.  At  the  sight  of 
a  frif^nd  a  dog  wags  his  tail  gently :  as  there  is  no  direct 
connection  between  the  optic  nerves  and  the  tail,  this 
playit^  of  one  centre  on  anotlier  must  be  by  the  agency 
of  intermediate  centres ;  and  we  know  that  if  the  dog's 
spinal  cord  be  divided,  this  excilution  from  the  optic 
centre  is  no  longer  possible,  yet  the  tail  will  wag  if  the 
abdomen  be  tickled,  or  the  leg  pinched.  Now  compare 
the  etfect  on  the  dog  produced  by  the  sight  of  his  master, 
or  of  a  friend  accustomed  to  take  him  out  There  is  no 
longer  «  gentle  vra^ing  of  the  tail,  but  an  agitation  of 
tlie  whole  body:  he  barks,  leaps,  and  runs  about;  the 
central  elimulatiou  i«  discharged  through  many  outlets; 
and  could  we  test  the  effect,  we  should  find  an  appre- 
ciable alteration  in  the  thermal  and  electrical  condition 
of  the  whole  organism,  with  corresponding  changes  in 
circulation,  secretion,  etc.  So  different  are  the  conse- 
quences of  two  slightly  different  retinal  impressions 
mingling  tlieir  stimulation.^  with  the  same  mn^s  of  central 
substance ! 

182.  The  discharge  is  determined  by  two  conditinns: 
tho  state  of  tension,  and  the  energy  of  the  stimulation. 
The  ttalt  of  lenMon  ts  incrtatr/i  hy  eer.ry  tlimidation  lehieh 
/alU  short  of  a  discharge ;  Hint  ia  to  say.  faint  and  fre- 
quent stimulation   augments  tlie   excitability,  whereas 
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poworfnl  MJmulutioii  fixliaiists  it.  'n'liGn,  therefbra.  one 
wmvo  sncceeda  another  in  the  same  (lin-ctiuii,  it  rauhes 
A  centre  more  disposed  to  dincharge ;  or.  as  Cayrade  ex- 
preMoe  it,  "a  cortain  o^itatiou  of  thu  cellR  is  neoeesatj* 
for  tlie  inauifeslation  of  their  property  of  reaction,  in 
the  mam  way  that  tho  conepjitrii!  circles  produced  on 
the  BurTacfl  of  water  by  a  falliug  stouc  arts  moro  npid  and 
mora  niimvro^ia  if  a  »loiic  lias  alt-eady  agitated  the  snr- 
faoe," 

183.  So  mueh  for  the  t«iiHion.  What  has  been  called 
the  cnerg)'  of  the  stimulatiou  is  more  complicated  It  is 
not  nieiwumbli)  a.t  a  simple  physical  process ;  we  cannot 
•ay  that  a  {;iv«u  ciiiautity  of  any  extcnial  force  will  de- 
temiine  a  given  dischor^.  It  is  mostly  complicated  by 
p^cbicul  procvKBes.  and  ihesu  so  modify  the  result  that 
inakead  of  the  predicted  discharge  there  is  arreet*  or  dis- 
obarge  from  niiother  contro.  Ptess  a  dog's  s]:in  with 
increufliiiK  violence,  and  tlie  effect  increases  from  pleas- 
tirablo  to  painful  irritation;  but  whether  the  dog  will 
cry  out  and  bite,  or  cry  ont  and  struggle  to  escnjte,  de- 
pends u[Miu  wlmther  the  pincher  i^  a  slmnger  or  a  friend. 
If  you  hurt  n  dog  while  renio\'ing  a  thorn  from  ils  fool 
it  will  ory  out,  but  althoiij;h  the  pain  causes  it  to  initiate 
a  biting  movetnent.  by  the  time  your  hand  is  reached 
that  niovoniciit  uill  liuve  been  changed,  and  the  dog 
will  lick  tho  hand  which  bo  knows  is  hurting  him  in  the 
endeavor  to  relieve  him  of  tlie  thorn.  The  co-operation 
of  tlio  inind  is  here  evident  snougli.  A  purely  psychical 
pTOoesa  haa  inlerl'ored  with  the  purely  phy»ioIo^cal 
proccsa.  And  I  shall  hereafter  endeavor  to  show  that 
psychit^l  processes  analogous  in  kind  thongh  simpler  in 
degree  are  rvully  co-oporaiit  in  actions  of  the  spinal  cord. 
Tho  dog  would  be  said  to  discriminate  between  the  pain 
inflicted  by  a  friend,  and  the  anme  pain  inllicted  by  a 
Htranger.     In  other  words,  the  sensitive  mechanism  would 
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be  diETcrenlly  dctcrniioiM)  in  tbo  direction  of  discbarge, 
allJtou^li  the  initial  stiiuiiIatioD  was  the  Ramfl  in  each 
casv.  If  we  ndinil  tliat  thu  regulliug  aolion  is  ia  escli 
case  the  conaequence  of  the  particular  group  of  elein«iit8 
eO-OE^ntiu^,  ihere  will  bu  no  ^>uu<]  for  <lcn>-t]]<;  that 
uulogoas  dmriminalion  is  manifested  by  the  brainlaa 
aniina],  who  also  r«.tporuU  dilTuKatly  to  diOerent  cxt«rual 
«limu]i,  and  diiferently  to  the  same  stimulus  under  dif- 
ferent central  conditions.  The  lir&inless  frog  cmaks  it' 
in  back  bo  gently  stroked  with  tbo  huiidlu  of  n  scalpel : 
bat  if  die  point  be  uned,  or  if  the  liandle  be  niughly 
pcv3«ed.  instead  of  crunkiug,  tliu  frog  imisw  bi«  leg  iu 
defence.  Here  the  diit'erence  in  tbe  peripheral  iirita- 
tioD  hna  excittKl  a  diirerciit  rcaction  in  the  centre ;  and 
this  might  be  interpreted  as  purely  physical;  if  now  the 
leg  ha  fastened,  iind  Itie  movement  of  defence  be  thus 
prevented,  the  frog  will  employ  the  other  leg;  or  adopt 
some  other  means  of  rdiL-ving  itself  from  the  irritaliuii. 
It  was  a  013-1.1  of  registered  experiences  which  deter- 
mined tlie  dog  not  to  bilu  his  master.  An  analogoiLs 
ivgistratioii  of  experiences  determines  the  changed  reac- 
tions of  the  hminless  frug.  Hut  this  i.t  a  point  which 
am  only  be  touched  on  in  passing  licre,  and  it  is  touched 
on  merely  to  facilitate  our  exposition  of  the  complt- 
eatvd  conditions  of  ncnral  discharge  These  may  be  for- 
muhii«d  iu 
184.  Law  IV.  The  simultaneous  influence  of  several 
stimuli,  each  of  which  xeparatvly  excites  the  same 
centre,  is  cumulative:  stimuli  then  assist  each 
otlier,  and  their  resultant  ia  their  arUhmttioal  sum. 
Simultaneous  stimuli,  each  of  whiclt  excites  a  difTcr- 
ciit  centre,  inicrfere  with  each  other's  energy,  and 
their  remltant  \n  their  aUftbraieal  sura. 
In  this  law  tlicrc  is  a  condensed  expression  of  tdiat  com- 
position of  forces  which  may  either  result  in  Dischai^e  or 
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AmM.  By  sunultanetty  is  not  to  be  oDdentood  merely 
Uw  i.-oiucid«oc«  of  imptessions,  bat  also  the  rererb«rAtJona 
ut'  iiu^ivsaioBS  not  jet  nentnlited  hj  otlieis.  Thus  whtu 
SeiuiibUitjr  U  tested  by  the  now  cominao  metbod,*  it  ia 
fMmJ  that  if  one  I«g  »  wUbdiawn  after  a  lapse  oT.  say, 
tou  p«iMlulain  beats,  the  other  I^  which  has  not  been 
iirriltttv-i.  will  oererUieleaa,  cm  irritation,  be  withdrawn  in 
hMs  ttuui  ten  beats,  pravided  the  ccntnt  agitation  caosed 
bv  the  fiiat  stimulatioo  has  not  yd  suhnded.  Bnt,  on  the 
voutmry,  the  withdrawal  will  Ic  oonsiderably  defcrrvO,  or 
even  prevented  altogether,  if  at  the  nme  time  that  the  leg 
ia  acted  on  by  the  add,  a  more  poweifu!  excitaliun  laket 
place  in  some  other  part  of  the  body.  In  the  oni-  cxperi- 
iu«nt  we  aee  simoltaaeooa  excitation  in  the  same  centre 
and  the  same  direction.  In  the  otlter  simultaneous  exci- 
taliati  in  diflurent  centres.  Tliv  more  powerful  excitation 
DUi'pres.'tes  the  discharge  from  the  leas  powerful ;  bot 
although  it  prevails,  it  loses  jost  as  much  force  as  it 
an«sts.t 

185.  There  is  another  very  interesting  experiment  by 
IVensbeiSi  which  must  he  cit«d  hen.1  When  the  sciatic 
nerve  ia  divided,  the  frog's  leg  ii  of  conrste  not  withdrawn 
from  the  acidulated  wutvr.  because  in  that  case  no  sensoiy 
excitation  is  propagated  from  the  skin  to  the  contn ;  bnt 
although  there  is  no  stimulation  from  tlte  skin,  there  is 
one  from  the  muscle.<«,  ta  appears  in  the  fnct  tlut  if  a  small 

*  A  bogt  tniu  i»  nmoTtn),  snd  tb*  body  Ihta  mtptoied  hj tb«  k»rer 
j«w,  tlM  ttgi  an  allciHixt  to  <Up  ioto  ■  liightlf  wJd«UtFii  Uijiud,  the 
dmnical  Mtka  of  which  iiinmUtcj  the  ikin. 

t  ]  mw  •  fatimt  in  the  Berlin  0^riU  sbnw  Tar*  anil  Mt  hand  me 
■«  a  MtBtant  alat*  of  e«nTuItir«  tvitdiiig,  but  no  tooner  vai  a  acar  on 
Ui«  Irlt  hat»4  (whcra  th*  nEno  huJ  beca  diridcd)  bnij  pwwed  tha>  the 
twluhia^  CTucd.  tnd  pain  <nu  (eh :  on  lemoral  of  tha  pi«MUiT,  pkiti 
rrated  nml  thi-  twitcbi^  rrtiiT*«l. 

:  fJlUger'i  Ar/Jiir,  157S.  Xo  one  Intrmted  in  tbe  Utttx  Tb«»7 
Hhouhl  omit  K  csrrful  *ludy  of  the  papcn  bf  FsEt'tiBUio  and  UoLTX  I 
liBve  dnwn  Amijr  tnm  them. 
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wei^lit  lx>  suspendeil  od  this  leg,  the  other  leg  ia  more 
ni[ii(lly  witbilmwTi  Trwrn  the  acidulated  water  —  thv  action 
of  the  muscles  having  affected  tho  centre  and  increased 
jt«  exciuhility. 

186.  WliL-n  the  motor  group  of  ono  leg  is  moderately 
»timuhitG(),  the  discharge  is  contined  to  the  tQusclea  of  that 
0D«  leg ;  and  acconliu)^  to  Herzeu  tlic  excitability  of  tho 
motor  group  of  the  other  leg  is  thereby  somewhat  dimin- 
ished. But  if  tlie  stimulation  be  increased,  there  i»  nn 
imuliatioii  to  thi^  uthur  ^roiip,  which  irradiation,  although 
not  sutficient  to  excite  a  discharge,  n^ndt^rn  it  much  more 
readg  to  di»cliarge,  xo  that  a  feeble  stimulus  (suffices,  ^lis 
accords  with  Setschenow'a  observations,  and  is  conilrmed 
by  I>>eusber^s  experiraeat,  in  which,  when  one  leg  was 
stimuhitcd  by  acid,  if  the  acid  were  not  wiped  off  but 
allowed  to  keep  up  the  irritation,  the  olher  log  moved 
witliout  being  irritnlt^'U;  tia<i  this  other  leg  having  come 
to  rest,  when  in  its  turn  dipped  iu  tho  acid,  was  more  rap- 
idly withdrawn  than  the  firet  leg  had  been  on  first  being 
.'ttimuktcd;  sliowiiig  that  the  ceutral  gixiiips  had  become 
more  excitable  by  the  stimulation  of  either  leg. 

1R7.  While  it  18  intelligible  that  an  excitation  of  one 
groujt  should  increase  the  activity  of  neighboring  groups, 
by  an  increaso  of  tho  vascular  activity  of  the  region,  it  ia 
not  so  readily  intelligible  why  the  feebler  excitation  of 
one  group  should  iliniiiiish  the  excitability  of  its  neighbor ; 
yet  the  facta  seem  to  warrant  both  statements. 

188.  Tlic  conditions  which  determine  Discharge  are 
obscure.  We  may,  however,  say  that  uiiutuiuicd  and 
physiological  data  forto  the  conclusion  that  whenever  the 
central  tissue  is  powerfully  stimulated  in  nuy  one  port, 
there  is  either  a  di-^cliargc,  or  a  greater  tension  (tendency 
to  discharge)  in  every  other  part ;  in  consequence  of  which, 
every  fresh  Ktimulus  in  the  tame  direction  finds  the  parts 
more  prepared  to  react ;  while  every  fresh  stimulus  in  a 
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eotUrary  direction  meeta  with  a  proportional  lesistauce. 
Stttod  thu»  gvDcniLIy,  livi  principle  is  clvar  eaougli ;  l>ut 
the  immense  complication  of  stimulatioas,  and  tbe  statical 
vnnablciie^^K  of  liie  oi'g;ui:<,  renders  ita  application  to  par- 
ticular cases  extremely  obscure.  Why  doaa  the  ticking 
of  a  cluck  en«itt  tli«  attention,  «ven  wiUi  unpleasant  ob- 
tnisiveness,  at  one  time,  and  presently  aftcrwurdit  c«use  to 
be  heard  at  nil  ?  Why  does  tbe  cut  of  a  knife  causa  in* 
tense  pain,  and  a  far  greater  cut  received  duriug  tbe  heat 
and  iigittition  of  a  (xnarrel  pass  unfelt  i  Wliy  will  the 
same  external  forca  excite  convulsions  in  all  the  musolea, 
and  nt  another  time  scarcely  be  diatingiusbable  ?  These 
an  consequences  of  tho  tempomry  condition  of  the  oeu- 
tres ;  but  there  are  permanent  conditions  which  in  some 
organisms  determine  c([iia11y  \'tu-iable  results.  Thus  the 
shock  of  terror  wliicli  wilt  simply  agitate  one  person,  will 
develop  an  epileptic  attack  in  another,  and  insanity  in  a 
third ;  just  as  exposure  to  cold  will  in  one  person  congest 
the  liver,  in  another  tbe  lungs.  A  loud  and  ^uddeu  sound 
causes  winking  in  most  persona,  and  in  many  a  sort  of 
convulsive  shock.  The  harsh  noise  of  a  file  causes  a 
ahiver  in  some  persons,  and  in  others  "  suUs  the  teeth  on 
edge,"  while  in  others  it  causes  an  increased  flow  of  saliva. 
139.  Nerves  and  centres  have  different  degrees  of  ex> 
ettability.  Tbu  ncrve-ttinninals  in  the  skin  are  mora 
sensitive  to  impressions  than  those  in  the  mucous  mem- 
bmiie;  those  in  the  alimentary  cana.1  are  more  sensitive 
than  those  in  the  peritoneum ;  and  all  nerve-tenninala  are 
more  sensitive  ibaii  nervc-trunka  A  touch  on  the  sur< 
face  of  the  larynx  will  produce  a  cough,  but  tiie  nerve- 
trunk  itself  may  bo  pinched  or  galvanized  without  pro- 
ducing any  such  reflex.  Moreover,  there  is  tbe  difference 
of  grouping.  If  the  skin  of  the  abdomen  be  tickliWi,  there 
ia  a  reflex  on  tbe  adductor  and  extanaor  muscles  of  the 
leg;  but  these  morenienL')  are  revereed  if  the  skin  of  the 
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bftck  be  tickled.  Kor  indeoil  are  these  inovements  invari- 
able in  either  case ;  Che  one  serivs  will  sumclimes  quite 
^ddenly  cbango  to  Ibu  other,  if  the  irritation  is  kept  up. 
That  ouc  and  the  aame  stiniuluit  applied  to  the  saini.'  spot 
sbould  now  excite  this  (jroup  and  now  the  other,  altow« 
that  Mh  motor  groups  are  affected,  and  that  thv  discharge 
takes  place  from  th«  one  which  at  th«  time  bein^  is  in  the 
highest  tension.  The  alternation  of  teosioQ  exptains  rhyth- 
mical discharge. 

THE  LAW  OF  ARBEST. 

190.  The  Lew  of  Arrest  in  only  another  aspect  of  the 
Law  of  Dischai;gL>,  and  may  be  n.*{;tird!.'d  as  thn  coaQict  of 
excitations.  If  u  alrauger  enters  the  room  where  a  woman 
lies  in  labor,  there  will  often  be  caused  a  sudden  cessation 
of  the  uUrriue  conlniclious.*  Agaiu,  every  one  knowa  how 
the  breathing  and  the  beating  of  the  heart  hk  arrested 
by  the  idea  of  danger.  The  arrest  is  in  each  of  the  three 
coses  only  tvniporar}*,  because  when  the  shuck  of  tlie  new 
stimuluH  has  cansed  its  discharge  (arrest),  ttie  peripheral 
irritation  whicli  caused  the  former  discharges  resumas  its 
influence,  and  uterus,  heart,  and  diaphragm  begin  to  move 
again,  even  more  energetically.  Note,  moreover,  that  not 
only  will  the  cerebral  excitation  arrest  the  spinal  di9- 
cfaaige  —  an  idea  check  the  contractions  of  the  uterus  or 
the  heart  —  but  the  reverse  also  takes  place.  Tlie  brain 
of  the  woman  may  be  intently  occupied  with  some  scheme 
for  the  eduojiliou  or  welfare  of  her  impeded  cliihi,  but  nn 
sooner  do  the  bibor  pains  set  iu,  than  oil  these  cerebral 
combinalion.i  are  arrested. 

191.  One  sensation  arrests  nnoUier ;  one  idea  displace* 

*  Rtt  Jixjn  Pakkt  ha*  KB  InUTcaCinn  cotlcction  of  hcU  whbK  lUoa- 
tmto  ihii  l.nv  of  Anvit,  hi  his  puprton  "  Slam mr ring  with  othti  Orgon* 
than  ihntP  of  S|>rrcb,"  IfriliKli  Maliail  JoHraai,  ISSS.  Vol.  U.  p.  tS7, 
rapriuUJ  iu  hia  Ctmiail  Ltdurtt  aitd  Bmagw,  187S,  p.  77. 
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iinoUieT.  If  the  forele;*  of  a  licadless  fnig  be  initAted. 
tbe  liiiiil-I«%  will  aUo  lie  moved  by  the  stimuUlion ;  or 
vie«  vena,  Hfm  tbirre  boa  been  ft  [>ropu{^tion  of  ttie  ex* 
citation  in  either  direction.  But  if  w)iUo  the  legs  are 
thus  irrittitcO,  uDd  tlic  cvutrut  uru  n*tdy  to  dittebarge,  an- 
other and  mtae  powerful  irritation  reach  the  centre  — 
aay  by  jiiiicbing  the  skin  of  the  back  —  tliere  will  be  no 
(liacbarge  on  the  legs.  If  the  ragus  be  initated.  tbo  heart 
is  arrested ;  but  thin  does  not  lake  place  if  at  lite  same 
time,  or  imincdiiit«ly  before,  the  foot  has  been  sharply 
pinched.  A  ftiw  gentle  taps  on  tJie  abdomen  autlice  to 
atop  the  heart ;  but  if  a  drop  of  acid  be  ]>rvviuii£ly  placed 
on  the  akin,  we  tap  in  vain,  the  heart  continues  to  beat. 
Browu  S(!quurd  cilvs  sevcial  cii£C8  in  which  convulsions 
were  arrested  by  irriution  of  sensitive  surfaces;*  and 
Dr,  Cricliton  Browne  n^conls  a  case  of  u  palivnt  in  whom 
therB  wa«  abuUtion  of  spinal  reflex,  due  to  cerebral  irrita- 
tion :  tickling  the  eulcs  of  tht;  feut,  or  pricking  the  tocA, 
wliich  uorcially  excites  rellex  movements,  in  this  case 
excited  none  whatever.  "This  seunis  U>  prow  that  ncr%'c 
curronta,  set  in  motion  by  irritation  of  Die  brain,  or  some 
of  its  convolutions,  tniu.smittcd  down  the  cord,  may  >»• 
hibit  reflex  action/'f  Examples  might  indefinitely  be 
multiplied.  Pinch  the  skin  of  a  rabhil  between  tlie  eyes, 
and  you  will  observe  that  pulse  and  respiration  are  slack- 
ened; but  if  tlic  tail,  which  is  very  sensitive,  be  pinched, 
tliis  slackening  is  only  monicut^iry,  and  is  succeeded  by  a 
(quickening  —  unless  the  poin  be  great.  Even  the  oflect 
of  intense  pain  may  bo  neutralized  by  stimulating  the 
vagus  —  just  as  the  effect  of  stimulating  tJie  vagos 
may  be  neutmlixed  by  pain.  Claude  Bernard  found 
that  having  dropped  ammonia  on  the  eyelid  of  a  d<^, 
the  pain  caused  a  convulsive  closure  of  the  lid ;  but 


•  Arthim  dt  Fkywa^,.  1868.  ji.  IS7. 

-f   H'fM  Ritlivg  tM%atie  Arylum  BeporU,  1871,  p.  800. 
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on  galranbdng  the  vagus,  Uie  M  opened  again,  to  be 
closed  wlicii  the  galvanism  ocaseii*  Wlmn  iho  hurt  is 
beating  faintly  (as  in  syncope),  any  irritating  vairar  ap- 
plied to  the  nostrils  will  cauae  a  mote  energetic  pulsa- 
tion ;  yvt  a.  very  irritating  vupur  lowers  tbe  action  of  the 
heart  beating  normally,  and  will  even  arrest  that  of  a 
rabbit.  Ovvr-stiniuUlion  hits  ahui»t  alvrays  the  uppoxite 
effect  of  moderate  atJiuulaUou. 

102.  While  there  seews  every  reaiton  to  believe  that 
an  excitation  necessarily  affects  Uic  whole  crrcbro-spinal 
axis,  there  in  no  doubt  ttiat  there  19  a  certain  restriction 
of  this  inadiatiun  to  definite  paths,  i.  e.  the  rcs)K>iisivc 
discharge  is  confined  to  delinite  groups.  Some  of  these 
reatrictioiis  are  connate  pathways:  wc  bri«<;  ihcin  with 
113  at  birth ;  hut  most  of  them  are  i»thways  acquired 
after  birth.  The  Imy  who  sheds  tears  at  parting  from  lit* 
mother  when  be  j^ucs  to  school,  will  shetl  no  team  when 
be  jwrts  from  her  to  go  to  coilcfjc,  nay,  perhaps  will  abed 
none  when  he  parts  from  her  forever :  not  that  his  love 
has  lessened,  but  that  the  idea  of  such  expa-ssion  of  it  as 
"anmanly"  has  become  an  organized  tendency  and  arrests 
the  tean.  A  youth  of  southern  race,  who  has  not  k'amed 
to  be  aahamed  of  tcont,  weeps  freely  under  such  circum- 
stances. 

193.  The  pathways  orgaiiixcd  at  bJnb  nn'  not  many. 
Examples  arc  the  inspiration  which  follows  expiration ; 
the  movements  of  cougiiing  when  the  larynx  is  tickled ; 
the  movunii-nts  of  swallowing,  sneezing,  et*.  ICven  these 
may  tie  arresled  for  a  brief  time  by  what  i.*  called  "  Uie 
will " ;  but  when  once  the  dischargo  begins  in  any  part 
of  tlto  mechanism,  the  whole  group  is  necessarily  involved 
and  the  action  is  tJien  inevitable.  Iblauy  of  tlie  reflex 
actions  which  are  nuiversol  are  nevertheless  acquired. 
Winking,  for  instance,  when  an  object  approaches  the 

*  Clacde  ItnucABii,  SDtUm*  Xmrauc,  1.  3S3. 
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eye,  is  uuiversal  amon^  nn,  but  is  ncvvr  saen  in  inlants, 
Dor  iitaoimnU.  It  i.i  even  doubtful  wh«tli«r  the  dmw- 
ii^  up  of  the  leg  xrhuii  the  toes  are  piocbvd  is  not  &a 
noquirecl  reflex.  Doubtful.  I  mean,  in  this  sense,  timt 
ulthou{;h  the  fact  of  riun-withdrauiU  is  oWrvablo  in 
infnnt^  who  caunot  localize  thoir  seusations,  this  may  be 
(iae  to  the  iiui>erfect  developineiit  of  their  nervous  sys- 
tem. Mr.  Spalding  has  jirovcd  thai  altliou;;!)  the  callow 
bird  cannot  fly,  the  mechanism  of  tlight  is  no  sooner 
developed  tJian  the  action  fuUuws  at  once,  without  any 
previous  tciiUitive  expimences. 

194.  By  experience  wc  leara  to  restrict  the  paths  of 
imdiation,  so  as  to  wink  with  one  vyc  while  the  other  is 
nninovod,  to  bend  one  finger  while  the  rest  are  extended, 
to  move  one  limb,  or  one  group  of  muscles,  while  tlie 
otbera  are  at  rait ;  in  short,  to  execute  any  one  parUcular 
action,  and  not  at  the  same  time  agitate  superfluously 
many  other  orynns,  The  boy  when  first  leaniiuf;  to  write 
is  unable  to  prevent  the  fiimultaneous  motions  of  tongue 
and  legs,  which  are  ludicrously  irrelevant  to  th«  pur^xne 
of  writing :  but  lie  learns  to  keep  all  his  organs  in  sub- 
jection, and  oidy  the  eyw  and  liunils  active,*  An  anal- 
ogous restriction  takes  place  in  thinking.  A  train  of 
thought  is  kept  up  by  the  exclusion  of  all  suggeationg 
which  arc  not  pertinent ;  and  tlic  power  of  the  thinker  is 
precisely  this  power  of  concentration. 


THE  HYPOTHESIS  07  IXHIBITORT  CCKTBBa 

195.  Tlie  (acts  and  their  formulated  laws  which  have 
just  been  adduced  furnish  a  sulScient  explanation  of  all  the 
phenomena  of  am-st  wliicl*  of  late  year*  have  been  detached 

■  See  the  cxccUcnt  tmiukB  ot  Dt.  I^unca  Bkuxtok  on  Uiii  iwint  in 
hU  Jtjirt  on  Inhibilion  in  lllc  Ifttl  Hiding  iumUie  Ariltiim  lUfittt., 
1871.  !>.  ISO. 
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Mid  assigned  to  o  speciul  mcdiunism  of  inliiliitor>'  nerves 
kod  ce»treii.  In  ftjiite  »f  the  emineot  authoritieii  cmintc- 
nanciii^  IIh;  liyjiotlMsis  uf  ii  jqiiticuliir  set  of  inhibitonr 
uerves,  aiid  particular  centres  of  uihibition,  I  iitunt  coii- 
iiew  tliiil  liw  liyikothesH  a[^>e»iH  to  me  iiKulmissilile ;  and 
that  I  side  wiUi  Uwwe  physiologists  wlio  hold  tli»L  each 
uerve  and  each  centre  liaa  its  inliitiilory  action.  Indeed, 
if  the  action  of  unvst  bv,  as  I  maintain,  only  another 
aspect  of  the  action  of  discha^,  the  result  uf  the  conflict 
of  forci's,  to  )>ay  ttiitt  all  cvnlivs  have  the  piopurty  of  ex- 
citation, is  to  say  that  all  have  the  proj>erties  of  di»charg« 
and  arnutt :  the  dischur<^  is  only  the  resultEtnt  of  the  con- 
flict along  the  line  of  least  roiistance ;  the  ane^it  Li  tlie 
effect  of  thv  conflict  along  the  line  of  greatest  resij^lnnce. 
Tlie  obserx'ed  phenomena  of  arrest  are  so  varied  and  nii- 
mecoua  tliat  the  upholders  of  tlie  inhibitory  hyi)0thi»is 
have  beeii  forced  to  invent  not  only  arresting  centres,  hut 
centres  which  arrest  these  arresting  centrt-s  I  Br.  Lutidcr 
Brunton  candidly  remarks :  "  At  pres>cnt  our  notions 
of  ner\'oas  action  seem  to  hie  getting  as  involved  as  tJie 
Itoletnaic  system  of  astronomy,  and  just  ns  epicycles 
became  heaped  uyntn  i-ycles.  so  nerve-centres  are  being 
added  to  nerve-centres.  And  yet.  cluinvy  though  the  sys- 
tem may  be,  it  serves  at  present  a  useful  purpose,  and 
may  stive  real  nid  unlil  a  better  is  discovered."  I  do  not 
think  a  Copernicus  is  needed  to  discover  a  better.  The 
Law  of  Arrest  as  a  general  neiirai  law  suffices,  when  the 
right  conception  of  a  frnlrr  iw  a  ]ihysiological  lathcr  than 
an  anatomical  desi^iation  is  admitted.     (See  p.  17*{.) 

196.  It  wouhl  bo  out  of  place  here  to  consider  the  cuu- 
flicting  evidence  which  at  present  tenders  the  question 
of  the  movem*^nts  of  the  heart  one  of  the  most  iiii.«ili8- 
factory  in  the  whole  range  of  experimental  physiology. 
After  devoting  mnch  time  to  it,  and  after  writing  a  long 
<.-hapt«r  on  it>  I  suppress  what  I  hud  writtuUf  and  content 
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myscir  with  th«  statement  tlint  no  ndratitage  whatever  Li 
(lurivi'd  from  llic  liypolliusis  of  a  sjicciiil  muchnnUiii  of 
arrest,  unless  perhaps  in  giving  a  temponuy  precision  lo 
the  direction  of  research.  I  mean  tliat  the  search  for 
special  centiea  may  lead  to  the  discoveiy  of  tli«  partic- 
ular pntlis  to  which  an  impulse  is  restrieted  in  any  one 
ticliun :  a:;,  for  iustnnco,  the  vagus  in  retarding  ibu  pulsa^ 
tion  of  the  heart.  If  the  cerebrum  can  detennine  a  move, 
menlv  and  combine  various  movements,  it  is  a  centre  of 
arrest ;  if  the  cerebellum  can  determine  and  regulate 
movement^),  it  i»  a  coutre  of  arrest ;  if  the  medulla  oblon- 
gata can  detennine  and  regulate  movements,  it  iii  a  centre 
of  niTt'-'^t ;  if  the  medulla  spinalis  can  determine  and  com- 
biiiB  movements,  it  ia  a  centre  of  arrest ;  if  o  nerve  can 
dilate  a  constricted  blood-vessel,  or  conatrict  a  dilated 
one,  it  is  a  nerve  of  arrest.  Tii  oilier  wonis,  eveiy  centre 
exerts  its  action  either  in  discharging,  or  in  aircstiiig  th« 
discharge  of  some  other  centre. 

TJie  physiological  process  of  Arreat  may  be  physically 
interpreted  as  Interference;*  not  that  the  ptooess  in 
nerve-tissue  is  to  be  iindeistood  aa  the  xtrne  as  that  ob- 
served in  tluids,  or  that  the  metaphor  of  neural  wavas  in 
to  be  taken  fur  more  than  an  intelligible  picturing  of  the 
process ;  the  ditference  iu  the  two  agenta  forbids  our 
ndmittin^  llie  resemblance  to  be  more  than  analogical. 
Tlius  interpreted,  howevej,  we  see  that  not  only  will  one 
centre  anest  the  action  of  another,  but  one  nerve  may  be 
made  to  arrest  itself!  I  mean  that,  under  simitar  condi- 
tions of  interference,  the  stimulation  which  normally  fol- 
lows on  I'xtcmal  stimuUis  may  be  inhibited  by  a  previous, 
or  a  counter  stimulation.     Thus  the  nerve  which  will  be 


•  The  lDlrT**tlng  (|npJ>tlon  nf  inWrfrntiiM  ])■»  Iwtn  cxp«Tl  mentally 
tre»Ud  by  WusDT  in  hi»  recently  jmblUhfld  Jtfr<^iit:t  drr  Xirvtn,  1!"B, 
■ad  Uworflically  u  wiTo-atortnieul  by  Hedem,  Orundnlge  tiner  enatttn 
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BtimiilaWd  by  a  chemical  or  mechanical  stimulus,  wholly 
fails  to  rcaut  if  u  constaul  currtot  i»  piiS!uii<^  tlirougli  it, 
although  this  constant  current  does  not  itself  cause  a  con- 
stant coulmctiou.  Remove  the  elecitrndes,  and  then  thv 
chemical  or  mechanical  stimulus  takes  effect.  Or  the 
expcrintcnt  may  be  reversed :  let  the  nerve  1*  placed  in  a 
Galine  solution,  and  the  niusules  wdl  Iw  at  once  thrown 
into  violent  contraction ;  if  tiie  electrodes  are  now  applied 
to  the  ucrvc,  llitj  ooDtmclions  suddeidy  cuasc,  to  begin 
a^ain  directly  the  electrodes  are  removed. 

AXATOMICAL  INTKRPBETATION   OF  THE  LAWS. 

197.  The  problem  for  the  anatomist  is  twofold:  First, 
given  the  organ,  he  has  to  determine  its  function,  or  vier 
vtTM,  given  the  part  of  nii  oi't,'ai),  to  iletvrmine  its  func- 
tional relation ;  secondly,  given  the  function,  he  lias  to 
determine  it*  organ.  The  structural  and  functional  rela- 
tioDS  of  nerves  and  centres  have  been  ascertained  in  a 
general  way ;  wo  are  ([uit*  sure  lliat  the  posterior  nerves 
cany  excitations  from  sensitive  surfaces,  tiiat  the  anterior 
nerves  carry  excitations  to  muscles  and  glands ;  and  that 
tho  central  gray  subatancL'  not  only  reflects  a  sensory  exci- 
tation ii.t  a  motor  excitation,  but  proi«igat«9  an  excitation 
along  the  whole  cerebro-spinal  axis.  But  when  we  come 
to  a  more  minute  analysis  of  the  fHn(!tional  activities,  and 
endeavor  to  assign  their  respective  values  to  each  part  of 
the  organic  mechanism,  the  excessive  complexity  and  deli- 
cacy of  the  mechanism  baffles  research.  We  are  forced 
to  Rtopc  our  way ;  and  the  light  of  the  hypothetic  lamps 
which  we  hold  aloft  as  often  misdirects  as  helps  iia.  The 
imaginary  anatomy  which  at  present  gains  acceptance,  no 
doubt  seems  1o  simplify  explanations  ;  but  this  seeming 
turns  out  to  be  illusory  when  closely  examined.  The 
imagined  arrangement  of  fibrea  and  cells  wc  have  seen  to 
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benoiinagn^MBfcnfthckiantiaa;  snd  ven  it  demon- 
flCraUe,  it  wo«id  aoc  Meoant  for  iIm  hws  of  pcopagKtioa 

HtipiHse  aeaeary  films  to  terminate  in  cells,  and  fibres 
from  tbeae  to  |iua  apwif^  to  ocber  aenmry  csUs  and 
IraMrmc^  to  motar  odh.  bmr  ia  anc))  a  ooonected  «j»- 
tem  could  tttadiadons  take  place,  if  tbe  l«v  of  isolated 
conddctton  wmc  tni«  {  And  huir  could  isolated  coDdac- 
tion  take  place,  if  tbe  excitatioD  of  a  part  won  neccMt* 
rily  the  exciuuioD  of  tbe  wbola  t  Why.  for  example,  is 
pain  DOi  always  imdiated  X  Wfay  is  it  eveo  localized  in 
particnlar  spots,  det«niiitiing  movvinvnu  io  paiticular 
muscles ;  and  when  iiradiatioD  takea  place,  wby  is  it  dr- 
mmscribed,  or — and  thw  is  rery  noteworthy  —  nuioi- 
fcsted  in  two  widely  dificrent  places,  ttie  intercostal  and 
tr^etuinal  aen-es  ?  Wliy  doc»  tliv  irritatioD  of  intcrtisal 
unnrnu  nunifest  tUdf  now  by  troobke  of  visioo,  now  1^ 
Doiaes  io  tbe  ear,  and  now  by  coDTubiom  1 

198.  Answers  to  such  questions  must  be  songbt  ebe- 
wbere.  Our  tint  searcli  should  be  directed  to  the  nna- 
toDiioal  data,  which  Iiavo  hitlierto  been  so  imprudently 
disfegarded.  L'ndcr  the  guidance  <^  the  luw:*  fonnulaied 
in  Lbis  cliapter,  hX  as  accept  tbe  anatomical  fact  of  a  vast 
network  forming;  the  p^uud^subatance  in  wbich  cells  and 
fibrefl  are  enibeddo),  and  n-itb  which  they  an-  continuooa ; 
let  us  accept  the  phyaiolo^cnl  principle  of  similarity  of 
proiwrty  witli  simihirily  of  oomposition  and  stnictupe; 
let  us  accept  the  hypothesis  (lint  llic  discharge  of  neurat 
energy  is  dependent  on  the  degree  of  stimulus  and  the 
degree  of  tension  at  the  time  b«ii>g  —  and  we  shall  have 
at  least  a  general  theory  of  tbe  procesa,  tbough  tbere  will 
still  remain  great  obscarities  in  partJonlar  applications. 
We  shail  have  before  us  a  %'ast  network  of  [tnthways,  all 
e(|HulIy  i^ipable  of  conducting  an  excitation,  but  not  all 
oqually  and  at  all  moments  open.  It  will  aln-ays  be  dlfG- 
cnlt  to  detennine  what  are  tbe  conditions  which  at  any 
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luomcDt  Fnvor  or  ub»ilruct  particiilur  o[>cuiiig8.  Paths  that 
have  been  fietpiently  tmversed  will  of  coune  be  more 
readily  tiavci^ed  agatu;  tiut  this  very  facility  will  some* 
/i«i«  be  an  obsluck',  siuco  it  will  have  caused  that  patii 
to  be  preoccupied,  or  hava  tatigu«d  t!ie  organ  u>  which  it 
leads. 

199.  Since  the  escape  of  wi  excitation  must  always  be 
along  tJio  lines  of  least  resistance,  an  obvious  expl&nution 
of  the  restricUon  to  certain  patha  has  been  to  assume  that 
Aome  fibres  and  cells  have  naturally  ^freaber  resistanoe 
tlian  otlioi-!.  But  iii'a  nxplunatiou  is  sjuiply  »  ri^stnte- 
ineut  of  the  fant  in  other  words.  What  is  this  greater 
resistance  ?  Why  is  it  prMeiit  in  one  Qbru  rather  than  in 
another  f  We  should  first  have  to  settle  whether  the 
resistanoe  was  in  thv  nervous  |)athway  itself,  or  in  Ihc 
centre,  or  in  the  organ  innervated ;  an  e-icitation  nti<;ht 
pass  along  the  ucrvons  tract,  yet  fail  to  chun^c  the  state 
of  the  centre,  or  the  organ.  suDiciently  to  produce  an  ap- 
proetablo  n)S])onse ;  and  only  those  puts  wliere  ao  apfn*- 
oiable  response  was  produced  would  then  be  considered  as 
having  had  the  pathways  of  propagation  open. 

200.  When  we  reflect  on  the  inuunicrahlc  stimulations 
to  which  the  organism  is  subjected  fioni  so  tnany  various 
points,  and  rcniL-uibir  further  that  eacA,«tm«^(Ji»n  Uavw 
behind  it  a  tremor  which  does  not  immcdiakiy  mibaidt,  we 
thoU  cotioeivc  something  of  the  excessive  complfxily  of 
the  mcchanisiD.  and  marvel  how  any  onler  is  established 
in  the  chao.*.  WNiat  we  must  firmly  i.'.stftblish  in  onr 
minds  is  that  the  mechanism  is  esscntialty  a  fiuduating 
one,  its  elements  hein;,'  combined,  recombined,  and  re- 
solved under  inlinite  variations  of  stimulation.  If  it  wore 
a  mechanism  of  fixed  retations.  such  as  we  find  in  ma- 
chines, or  in  the  "  miichaniitm  of  the  heaveas,"  we  might 

(Bccept  the  notion  of  certain  organites  having  greater  restst- 
[.fUlOe  OS  a  conseq^ueiice  of  their  structure,  just  as  one  uius- 
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cle  resists  being  moved  by  tlie  iinpiiUe  which  will  move 
ODotlier.  Nor  is  it  doubtful  that  such  diflcrauces  exist  in 
nervous  organitea ;  but  tlie  laws  of  wntral  excitatiou  are 
not  iut«ri> rotable  by  any  such  hypothesis,  siiicc  «■«  know 
that  the  paths  which  vrem  closed  against  an  impulse  of 
considerable  cne^  ma^  be  all  open  to  au  itapulse  of 
feebler  energy,  and  that  a  slight  variation  in  the  stimulus 
will  be  followed  by  a  wide  iiradjalion.  For  example,  « 
grain  or  two  of  snuff  will  excite  the  violent  and  complex 
net  of  sneezing,  but  the  nerves  of  the  nasal  cavity  may 
be  piuched,  cut,  or  rubbed,  without  jtrodiicin'^  any  such 
reaulL  One  group  of  ner\'0U8  organites  will  fail  to  in* 
volve  the  octixity  of  neighboring  groups ;  and  the  simple 
movement  of  a  single  orgwi  is  then  all  that  appreciably 
follows  the  stimulation ;  yet  by  a  alight  change  in  the 
stimulation,  the  organitos  aro  somewhat  differently 
grouped,  and  the  result  is  a  complex  movement  of  many 
organs.  It  is  this  fluctuation  of  combination  in  the  organ- 
ites  which  renders  education  and  progrcas  possible.  Those 
combinations  which  have  very  frequently  been  rcpcittcd 
ac^iuire  at  last  an  automatic  certainty. 

Vt'e  are  now  in  a  position  to  examine  with  more  precis- 
ion  the  extremely  important  laws  of  ncri'ous  action  which 
arc  involved  in  tlic  phenomena  designated  by  the  terms 
KeHex  Action,  Automatic  Action,  and  Voluntary  Action. 


PROBLEM    III. 


ANIMAL  AUTOMATISM. 


"L'oisuiims  la  pins  coioplflu  at  on  vMte  mteulnne  qui  rteultc  de  I'm- 
Kmblige  de  id JcBnumes  lecoDdatrM. "  —  Clause  Bebbard. 

' '  Lea  corps  vivuita  aont  midlines  k  I'lnflnL  "  —  LEUvm. 

"Not  UmenUsma  con  M«Jetulle  cbe  nel  lingiugglo  fliiolagico  draui  intnue 
1«  preopinloni  psicologlche  col  tnidco  uievitAblle  dei  TOetboli,  li  qniU  co- 
deats  pceopiaiaui  il  troVAUO  legate.  Frob«bilment«  qaealA  fn  qua  dells  pritui- 
pell  cagioDi  degli  erroii  e  degll  eqitiToei  enetomofiilologid,  de  cnl  nan  poterono 
■vincoleni,  e  loto  inupnte,  1  cnltori  aperlmentell  dellA  '^"'"i  pcrchi  nell' 
inteiptetant  t  fenomeni  oeservati  erano  obbllgati  ed  iaiit  il  Ungu^o  di  nnm 
teleiL  monete  in  coiM."  —  LvSUSA  s  Lkhoiqhb,  Fuielogia  dei  CeiUri  Str- 
voti,  1671, 1.  16. 


ANIMAL   AUTOMATISM. 


CHAPTER    I. 


THE  CXJUESB  OP  MODEKH  THOUOIIT. 


1.  Modern  Philoaopliy  has  niov«d  ulong  two  incMl^ 
iogly  divergent  linos.  One,  traversed  by  Galileo,  Des- 
cules,  Kewton,  aud  Laplace,  Imd  for  its  goal  the  absolute 
dtMOgagement  of  the  physical  from  the  mental,  i.  e.  tbe 
objective  from  tJio  subjective  aspect  of  phenomemi,  bo 
that  the  physical  universe,  thua  freed  from  all  the  com- 
plexities of  pL-cliug,  might  be  intcrprutod  lu  mechanical 
terms.  Aa  a  preliminary  simplification  of  the  problem 
this  wns  indispensable ;  only  by  it  could  the  First  Notion 
of  primitive  Hpeculation  be  replaced  by  the  Thoorclio 
C'onc«ption  of  .scientific  speculation."  The  early  ttiinker 
inevitably  invested  idl  external  ubjects  with  properties 
and  qualities  similar  to  those  he  assigned  to  human 
beings,  nnd  Ihcir  nctions  ho  assigned  to  human  motives. 
Sun,  moon,  and  stars  seemed  living  beings ;  tlames,  streams, 
and  winds  were  supposeil  to  be  moved  by  feelings  such 
as  those  known  to  move  animals  and  men.  Nor  was 
any  other  conception  then  possible:  men  eould  only  in- 
teiprel  the  unknown  by  the  known,  and  their  standard 
of  all  action  was  ncces.sarily  drawn  from  their  own  ao- 
tiODS-    Not  having  analyzed  Volition  and  Emotion,  abovo 

*  On  the  ilintinctian  iMlwwn  (uat  notioas  and  UiMntic  v«lti'rlitt'>'>i> 
ttt  Preitenu  n/ H/r  and  Mind,  Vol  U.  p,  277. 
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all  not  having  localized  these  in  a  Denro-muscutar  Byatetu, 
ineii  could  sot  Buspecl  that  the  movcmenU  of  pLanet» 
and  plants,  and  of  aticams  and  stones,  had  motors  of  a 
diffcroiit  kind  from  the  movements  of  animab.  The  aci- 
entiflc  conception  of  inert  insensible  Matter  waa  only 
attained  through  a  long  education  in  attraction ;  and  is 
asauredly  never  attained  by  animals,  or  by  savage*.  Bot 
DO  sooner  were  vital  conditions  recognized,  than  the  dif- 
ference buLweeu  viltd  and  mechanical  movcmento  emerged. 
'Wlien  men  learned  that  many  of  their  own  actions  were 
luiaccompanied  either  by  Love  or  Hale,  by  Pli--iL»urti  or 
Fain,  and  that  many  were  unprompted  by  conscious  in- 
tention, whilti  others  were  unaccompanied  by  conscious 
aenaation,  they  easily  conolnded  that  wherever  the  sjwcial 
oouditious  of  Feeling  were  absent,  Uie  actions  iiiM.st  have 
some  other  motors,  lotclUgencc,  Emotion,  Volition,  and 
Sensation  being  one  by  one  stripped  away  from  all  but  a 
particular  class  of  bodies,  nothing  remained  for  tho  other 
bodies  but  insensible  Matter  and  Motion,  lliis  was  the 
Theoretic  Conception  which  science  substituted  for  the 
First  Notion,  it  was  aided  by  the  observation  of  the 
misleadini;  tendency  of  interpreting  physical  phenomena 
by  the  human  standard,  sutstitating  onr  fancies  in  the 
place  of  facts,  umuipulatiug  the  order  of  the  universe  ac- 
cording to  our  imagination  of  wliat  it  might  be,  or  ought 
to  be.  Bencti  the  vigiluncv  of  the  new  scliool  in  sap- 
pressing  everything  pertaining  to  the  subjective  aspect 
of  pticuomcna,  and  the  insistauco  on  a  purely  objective 
olassilication,  so  that  by  this  means  we  might  attain  to 
-a  knowledge  of  things  a.i  lliey  ai«.  By  Uius  withdraw- 
ing Life  nnd  Mind  from  Nature,  and  regarding  thu  uni- 
verse solely  in  the  light  of  Motion  and  tlie  lawa  of  Motion, 
two  great  soicntifm  ends  were  furthered,  namely,  a  claa- 
sificatioii  of  conceptions,  and  a  preciaioa  of  terms.  Ob- 
jective phenomena   made  a  class  apart)  and  the   great 
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aim  of  resetoch  was  to  find  a  matheniatical  exprcsskm 
for  all  ^'arieties  under  this  cla^s.  Masses  were  conceived 
aa  aggregates  of  Atoms,  and  these  were  reduced  to  mattie- 
matical  points.  Forces  were  only  diHereiit  mmlos  of  Mo- 
lioo.  All  the  iiumbcrleea  diflvreucL-s  wLii:)i  in^rccption 
rec4^ii!fid  as  qualities  in  thio^,  ^vere  iviluccd  to  mere 
varialioDS  in  quantity.  Thus  all  that  wiun  {iailii.'nlar  and 
concrete  becamu  rcDolved  by  analysis  into  wliat  was  gen- 
eral and  abatract  Tlie  Cosmos  tliea  only  jiri'sented  a 
problem  of  Mechanic*. 

2,  During  this  evolution,  the  old  iJualism  (which  con- 
ceived ft  material  univcrw  sharply  dcinurcatcd  from  Iho 
mental  universe)  kept  its  ground,  and  attained  even 
greater  precision.  The  logical  distinctiou  between  &Iatt«r 
and  Mind  was  accepted  aa  an  essential  distinction,  i.  e. 
representing  distinct  reals.  Tliere  was  oti  the  one  side  a 
group  of  phenomena,  Matter  and  ^'orce ;  on  the  other  side 
an  unallied  group.  Feeling  and  Thought:  between  them 
nu  imiMssublo  gulf.  How  the  two  were  brought  into 
relation,  each  acting  and  reacting  on  tlie  other,  was 
disminseil  as  an  "insoluble  mystery  "  —  or  reli-guted  to 
Metaphysics  for  such  minds  as  chose  to  puzsle  over  ques- 
tions not  amenable  to  experiment.  I'iiysics,  confident 
in  the  possession  of  matliematicfil  and  expcritucnlol 
methods  which  yielded  definite  answers  to  properly  re- 
stricted questionB,  peremptorily  refused  to  listen  to  any 
HUggestion  of  the  kind.  And  the  career  of  I'hyaica  was 
so  triumphant  that  success  seemed  to  justify  its  indif- 
ference. 

3.  Ill  our  own  day  this  analytical  school  has  began  to 
fxtend  its  methods  even  to  the  mental  group.  Having 
reduced  all  the  objective  group  to  mathematical  treat- 
ment, it  now  tries  to  bring  the  subjective  group  also 
within  its  range.  Not  only  has  there  been  more  than 
one  attempt  at  a  mathematical  I'syciiology ;  but  also 
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nUemjytB  to  Rtioce  Sensibility,  in  ita  subjectire  oo  leas 
Ihan  in  its  ol))eccive  upect,  to  mulcculur  moii-vinent. 
Here  also  the  facte  of  Quality  an  mtialated  into  hcU 
of  Qaentity ;  and  all  diversilii^  of  Feeling  ore  inter* 
preted  la  Himply  quantitative  differences. 

4  Thus  far  the  one  scbooL  But  while  tliii  Tbeontic 
Conception  strippiH!  Xiilun:  of  ounsciottsnem.  mexivc.  and 
pauion,  rendering  it  a  mere  aggregate  of  mathematical 
ivlatiuns.  a  critical  process  vas  going  on,  whicli,  analyt- 
ing  the  nature  of  Perception,  was  rapidly  moving  towards 
another  goaL  Locke,  ISerkeley,  Huuiv,  and  Kant,  directs 
ing  their  analysis  exclnsii'ely  to  the  sabjective  aspect  of 
pbenomcDH,  soon  tirvkc  down  tlie  barriers  between  the 
physical  and  mental,  and  gradually  merged  tltt^  formor  in 
the  ktt«r.  Matter  and  its  qualities,  hitherto  accepted  as 
indi!|wii4luiit  rviiliti4»,  existing  where  ito  Mind  perceived 
them,  were  now  viewed  os  the  creations  of  Mind  — 
their  existence  was  limited  to  s  state  of  the  percipi«nt. 
The  old  Doalism  was  replaced  by  Idealism.  The  Cosumm, 
instead  of  presenting  a  problem  of  Mechanics,  now  pre* 
BODtod  a  problem  of  Pt^chology.  Ite^inning  with  what 
are  called  tl>e  secondary  qualities  of  Matter,  the  peyeho- 
logical  analysis  resolved  these  into  modes  of  Feeling. 
"The  heat  which  the  \-ulgar  imagine  lo  ho  Jii  the  fire  and 
the  color  they  imngine  in  the  rose  are  not  there  at  all, 
but  are  in  us —  more  states  of  our  oi^iiiiism."  Having 
gained  thi^  atanding-plaoe,  there  was  uo  difficulty  in  ex- 
teuding  the  viuw  from  the  secondary  lo  the  primary  qnal- 
itiea,  lliese  also  were  pcrocptions,  luid  only  cxisl«d  in 
the  percipient.  Nothing  tlion  remained  of  Matter  save 
thq  hypothetical  unknown  x  —  the  postulate  oT  specu- 
lation. Kant  neemed  forever  to  have  closed  the  door 
again.it  Ute  real  Cosmos  wlien  he  transformed  it  into  a 
group  of  mental  fonns  —  Time,  Space,  Causality,  Quan- 
tity, oto.    He  propounded  wlial  may  bo  culled  a  theory 
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of  mental  Dioptrics  wherebv  a  pictured  univetM  iMMKie 
possible,  aa  Kxperienco  hy  iu  own  a  priori  lawa  moulded 
Ustlf  into  a  caiuiHteiit  group  of  appeuniiices,  wliioh  prt^ 
duccd  the  illusion  of  being  a  group  of  rraliliee.  IIu  ad- 
mitteti,  in<lc«d,  Dial  by  the  operalioii  of  ('auaality  we  are 
oompelled  to  bi^Iteve  in  &  Ktnl  uiidcrlyiug  tbc  appc«r- 
auces ;  but  the  \ety  fact  tbat  this  CTausality  is  a  mii^eixi>« 
law,  is  proof,  he  said,  of  its  imt  l>cii)g  ed  olifrctive  truth. 
Xhttfl  tlic  aim  of  tho  luecbauicul  wtnception  wn«  to  free 
IMCaroh  from  Die  miaUading  complexitiea  of  subjective 
adulterations,  and  vivw  ihinfft  as  thrg  are  apart  froiti  tbcir 
t^ppfaratuxs ;  but  tltis  aim  seemed  illusory  when  Psychol- 
ogy showvd  th»t  Tiino,  Space,  Matter,  and  Motion  were 
themselves  not  objective  reaU  except  in  so  far  as  lliL-y 
rvprcKviiti^'d  subjective  necessities ;  mid  that,  in  short, 
tiling  are  just  wlint  ibey  appear,  since  it  is  only  ui  the 
relttlion  of  external  reals  to  internal  feelings  tliat  objecla 
exist  for  us. 

5.  Idealism  has  b<3cn  ihc  outcome  of  the  peychologicol 
rnstbod.  It  has  been  of  immense  service  in  re<!tifying 
tbtdualistic  conception,  and  iu  correcting  tho  mochnnicnl 
conception.  It  ha.<i  restored  the  subjective  factor,  which 
the  mcL-lmnicttl  conceptton  had  elimiDatud.  It  has  brought 
into  inroiupnnible  clearness  the  fiintlamenUil  fact  that  all 
our  knowledge  iiprings  from,,  and  is  lisaiitd  by.  Feeling.  It 
baa  ebovm  that  t!ie  universe  represented  in  that  knowl- 
edge, can  only  Ijc  a  picture  uf  the  system  of  tilings  as 
these  exist  in  relation  to  our  Sensibility.  Itut  ei]ua]ly 
with  the  mechanical  conception  it  has  erred  by  incom- 
plete analysis.  For  a  complete  theory  of  tho  imlverse. 
or  of  any  one  phenomenon,  those  elementary  conditions 
which  analysts  lias  provisionally  set  asidu  must  finally  he 
restored.  When  Quality  is  replaced  by  Quantity,  this  is 
an  artifice  of  method,  which  does  not  really  cnirespond 
with  fact.    The  quality  is  the  fact  given  in  feeling,  which 
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we  analytically  refer  to  (juaiititative  dilfercnces.  but  which 
can  iwwr  Ire  wholly  resolved  into  tliem,  ain<%  it  must  bo 
presupposed  tliruiigliouL  Oaa  color,  for  example,  nwy  be 
distinguished  from  another  as  having  more  or  fewer  an- 
diUatious  ;  and  so  we  may  by  alHtraction,  letting  drop  all 
qualitative  characters,  make  a  scale  of  undulatiotis  to 
nprvHcnt  the  scale  of  colors.  l!ut  this  is  an  idciil  fig- 
ment. It  is  the  repristntiil  ion  of  one  series  of  feelings 
by  another  series  of  diflcrewt  feelings.  No 'variation  of 
iindulatinn.i  will  really  correspond  nith  ^'ariatiQIl  in  color, 
unless  we  rcintriHluco  the  suppressed  qualitif  which  runs 
through  all  color.  Attempt  to  make  one  born  blind  feel, 
or  even  nndcreland.  Color  by  describing  to  Iiini  Ihc  kind 
of  wave-movement  which  it  is  said  to  be,  and  the  vanity 
of  the  effort  will  be  manifest.  Movement  h«  knows,  and 
varieties  of  movement  as  given  in  tactiic  and  muaaJar 
fieruationa ;  but  no  conibinatioQ  and  luanipulaUou  of  such 
experiences  can  give  him  the  specific  sensation  of  Color. 
That  i-s  a  purely  subjective  state,  which  he  is  incapublo 
of  experiencing,  simply  because  one  of  the  essential  fac- 
tors is  iibsent  One  set  of  objective  condiu'ons  is  present, 
but  the  oUier  set  (his  sense-organ)  is  defective.  Without 
the  "greeting  of  the  spirit"  undulations  cannot  become 
colors  (nor  even  undulations,  for  these  uIjmj  aro  forms  trf 
feeling).  Besides  the  sense-organ  there  is  neede<I  the 
feeling  of  Difference,  which  is  itself  the  product  of  past 
and  present  feeliugn.  Tlie  reproduction  of  other  colors, 
or  other  shades  of  color,  is  nitccssaiy  to  this  perception  of 
difference ;  and  this  involves  the  element  of  Likeness  and 
UnlikcnoM  between  what  is  produced  and  reproduced. 
So  that  a  certain  ntontal  co-o))enttion  is  retiuisitfl  even 
for  the  simplest  perception  of  quality.  In  fact,  psycho- 
logical analj-sis  shows  that  even  >rottoii  ami  Quantity, 
the  two  objective  terms  to  which  subjective  Quality  is 
reduced,  are  tliemselvea  Fundamental  Signatures  of  Feel- 
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iog  ;*  SO  that  here,  as  elaevhere,  it  is  only  hj  analytical 
artilice  tbat  tliv  olijuclivv  cau  bo  divorced  from  ihe  .sub- 
jective. Matter  is  for  us  the  Felt ;  ita  Qualities  are  dit- 
fcrcncea  of  Fueling. 

6.  N'ot  that  this  result  is  to  be  inteipreted  as  fraeing 
'tiir  Theoretic  Conception  from  ila  objective  side,  and 
landing  us  in  Idealism,  which  suppresses  the  real  uni- 
veise.  Tlie  denial  of  all  reality  apart  from  our  minds,  is 
a  twofold  mistake:  it  confounds  tlie  conception  of  general 
relations  with  particular  relations,  declaring  tliut  becauw 
the  External  in  its  illation  to  the  sentient  organism  can 
only  be  what  it  Is  felt  to  l>e,  ihorefore  it  can  liuvc  no 
other  relation.")  to  other  individual  reala  This  is  the  first 
mistake.  Tlio  secoud  is  the  disregard  of  the  constant 
presence  of  the  objective  real  in  every  fact  of  Feeling : 
the  Not-Self  is  emphatically  present  in  every  conscious- 
ness of  Self. 

The  Icgitimato  conclusion  is  neiUier  that  of  I)ua1ii«ni 
nor  of  Idealism,  but  what  I  have  named  Reasoned  1:<ujJ>jui 
(Prablf>nf,  Vol.  I.  [).  201),  which  reconcilva  Common  Sense 
with  Speculative  Logic,  by  showing  tliat  although  the 
truth  of  things  (their  Wahrhett)  is  just  what  wc  perceive 
in  tliom  (our  Wakmchmnag),  yet  their  reality  is  this,  and 
much  more  than  tliis.  Things  are  wliat  they  are  felt  to 
Iw  i  and  what  they  are  thought  to  bo,  when  thoughts  are 
syrabols  of  Uiu  perceptiona  Idealism  declares  that  tJiey 
lire  nolhinff  bat  this.  It  is  against  this  nothing  but  that 
Common  8cnse  protcstit ;  and  thu  protest  is  justified  by 
Keasoned  Realism,  whicli,  talcing  a  comprehensive  stirvcy 
of  the  fact«,  thus  answers  the  ideAbst:  "  Your  syuthesis 
is  imperfect.  Bincoildoos  not  iucludo  alt  the  data  —  nota* 
bly  it  excludes  the  fact  of  an  objective  or  Not-Self  clc 
ment  in  every  feeling.    You  niay,  conceivably,  regard  the 

*  Not  tnuisecntlciital  and  a  priori,  u  Kant  ti^ocInN ;  but  lumMJiaut  in 
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whole  universe  ss  nothing  but  a  series  of  changes  in  your 
oonsciousnds* ;  but  you  oannot  hope  to  convince  me  that 
I  myself  am  simply  a  change  in  yourself,  or  that  my 
body  is  only  a  fleeting  image  in  your  mind.  Hence  al< 
though  I  conclude  thm  tliv  Xot-Sclf  is  to  you,  as  to  me, 
undtvore«abl«  from  Self,  inalienable  from  Feeling,  in  so 
far  us  it  i^  t'clt,  yvt  tliere  must  ncverlliclcss  be  fur  both 
of  na  au  existence  not  wholly  coei:tensive  with  our  own. 
My  world  may  be  my  picture  of  it ;  your  world  way  be 
your  picture  of  it;  but  there  is  something  common  to 
both  which  is  motv  than  eitlier  —  an  existent  which  lias 
diiferent  relations  to  each.  Yeu  are  not  mt,  nor  is  the 
pictured  Cosmos  me,  although  I  picture  iL  Looking  at 
yoa  and  it,  I  see  a  vast  whole  of  which  you  are  a  small 
part ;  and  such  a  part  I  conclude  myself  to  b&  It  ia  at 
once  u  picture  and  the  pictured;  at  once  subjective  and 
objective.  To  me  all  your  modes  of  existence  are  objec- 
tive aspects,  which,  drawing  from  my  own  cxpcriunuc,  I 
believe  to  have  correeponding  sulyeclivc  aspects ;  so  that 
yuur  emotions,  which  to  me  are  purely  phj'sical  facts,  aie 
to  yoti  purely  mental  facta.  And  psychological  analj-ais 
assures  me  that  al\  physical /nrt.i  are  mmtal/ar/s  expressed 
in  (ihjfdire  (erTiis,  and  mental  /adi  are  physkal  /nd»  tz- 
presaed  in  mbftctivt  terms. 

7.  Tint  while  Philosophy  thus  replaces  the  conceptions 
of  Bnalism  and  Idealism  by  the  coneepttOQ  of  the  Two* 
fold  As])eot,  the  special  sciences  in  their  analytical  career 
have  disrtrgarded  the  problem  altogether.  The  mechani- 
cal theory  of  the  universe  not  oiJy  simplified  research 
by  conliiittig  iUelf  solely  to  the  objective  aspect  of  phe- 
nomena, but  by  a  further  simplifioation  aet  aside  all  vital 
and  chemical  relations,  to  deal  exclusively  with  uiechoni- 
cjil  rvktions.  In  ascertaining  the  mathematical  relations 
of  the  planetary  system,  no  elueidation  could  possibly 
be  gained  from  biological  or  chemical  conceptions;  the 
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ptoneta  thezefim  vren  provisionally  stripped  of  evcry- 
tluD^  not  mechftnka].  In  systematizing  the  laws  of  mo- 
t4oa,  it  was  neceosary  to  disungagc  the  ubstract  rvUlions 
from  everytliiug  in  any  way  resembling  spontaneity,  or 
ex trs -mechanical  agency :  Matter  was  tliurefure,  by  a 
bold  fiction,  declared  to  lie  incrlv  and  its  Motion  regarded 
as  something  superadded  from  without 

7m.  And  this  wua  indi.^pciisublc  for  the  constroction 
of  those  ideal  laws  wliich  aie  the  objects  of  scientific 
research.  Science,  as  we  often  say,  is  the  syKtiiDmtization 
of  Experience  under  the  forms  of  ideal  conBtruclioiiw, 
Expevit^iice  implies  Feeling,  and  certain  rtmdiinmnlal  Sig- 
itatnre^.  all  nxluciblc  to  tlie  primary  discernment  of  Like- 
ness and  l'nlik«ne»a.  Hence  Science  is  first  a  cttuf\fiea- 
fiom  uf  <iualili«s  or  discerned  Ukenesees  &od  differences ; 
next  a  vieasurement  of  quantities  of  discemed  likeiieoes 
and  ditfcTt^nccs.  AltJiougb  measurement  is  itself  a  speciea 
of  class ihcation,  it  is  distinguished  by  the  adoption  of  a 
standard  unit  of  comparison,  which,  bein^  precise  and 
unvarying,  enables  us  to  express  the  comparisons  in  pre- 
cise and  unvarying  symbols.  Whether  lb«  unit  of  length 
adopted  be  an  inch,  a  foot,  a  yard,  a  mile,  the  distance 
of  Uie  eertli  from  the  sun,  or  the  distances  of  the  fixed 
stars,  the  quantities  Uuis  measured  are  symbols  admit- 
ting of  one  invariable  interpretation.  The  exactness  of 
the  mathematical  sciences  is  just  this  precision  and  in- 
variability of  their  symbols,  and  is  not,  as  commonly 
supposed,  tlic  Bcmrcc  of  any  BUiwrior  certainty  a*  to  the 
Ctcts.  The  classificatory  sciences,  wbicli  deal  with  quali- 
ties mthcr  than  with  quantities,  may  be  equally  certain, 
and  represent  ftUler  knowUdgf.  because  invohiog  mora 
varied  feelings,  but  they  cannot  pretend  to  exactness. 
Even  on  the  quantitative  side,  certainty  is  not  iduntical 
with  exactness.  I  may  be  quite  certain  that  one  block 
of  marble  is  larger  than  another — meaning  that  it  affectB 
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me  more  voluminously  —  but  I  cannot  know  how  mucli 
larger  it  is,  without  interpretiiig  my  Tcteliiiga  by  the  etaii- 
dard  of  riuttiilily  —  the  how-muchucss  as  roprcscutcd  by 
that  standard.  The  iiumenae  advantages  of  exact  meas- 
unment  need  uut  he  insisted  on.  Tliu  Uiulogic«l  Sci- 
ences, whicli  aiB  predominantly  classificatory,  can  never 
rival  the  Coaniulogical  Sciences  in  exactnes»;  liut  tliey 
may  reach  a  fuller  knowledge;  and  their  certainty  will 
assume  more  nnd  mora  the  character  of  exactness  aa 
methods  of  meaauretnent  arc  applied  to  tlicir  clasaifi- 
cutions  of  qualities.  The  qualitative  and  quantitative  as- 
pects of  phenomena  are  bandied  by  the  two  in^at  inatru- 
mciits,  Ixigic  and  Mathematics,  the  seoond  being  only  a 
special  form  of  the  first  These  detennine  the  i^-ucibI 
conceptions  which  are  derived  from  our  perceptions,  and 
the  whole  constitute  Exp';riL>Dce. 

8.  What  is  the  conclusion  to  which  these  considera- 
tion$  lead  ?  It  Is  tliut  the  separation  of  the  quantitative 
from  the  qualitative  aspect  of  phenomena — the  objective 
mechanical  from  the  subjective  psychological  —  is  a  logi* 
cal  artifice  indispensable  to  research;  but  it  ia  only  an 
uiifica*  In  pursuance  of  this  aitiSee,  each  special  scienoc 
must  be  regarded  as  the  search  after  special  analytical 
results ;  and  meanwhile  this  metltod  should  bo  reepec1«d, 
and  no  confusion  of  the  boundaries  between  one  science 
and  another  should  be  suffered.  Mechanical  problems 
must  not  bo  confused  by  the  introduction  of  biological 
relaUons.  Biological  problems  must  not  be  restricted  to 
mechanical  relations.  I  do  not  mean  that  the  mechani- 
cal relations  present  in  biological  phenomena  arc  not 
to  be  sought,  and,  when  found,  to  be  expressed  in  me- 
efatnical  terms;  I  mean  that  »uch  an  inquiry'  must  bo 

*  TliB  mdflr  will  <itid«nt»nd  tlut  allliougli  mccluuiical  rrtationa  ara 
(SOdM  of  FwlinK.  >u  '>]1  other  rcUtioni  are,  \rl  thsli  Mpect  b  cxclaiirrly 
otjenth*,  nferricg  to  objrct*  idoaJly  ilcUclKd  from  nt^octB. 
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strictly  limited  to  mccbtioical  Tctutiuiu.  Snbjectivo  i«1a- 
tiona  are  not  to  be  denied,  because  they  arc  proviBioiially 
set  aaidc,  in  an  inquiry  into  objective  relatious;  but  we 
must  carofuUy  diHttnguish  which  of  the  two  ord«n  we 
are  treating  of,  and  express  each  in  its  appropriate  terms. 
This  i^  constantly  negicctud.  For  vxuiiiplu,  uolhiug  is 
more  common  than  to  meet  such  a  phmso  as  Uiis:  "A 
tauory  imprcmon  is  trnnsiiiittcd  as  a  wtve  of  motv/n  to 
the  bmin,  and  there  being  transformed  into  a  atatv  of 
BonsciaKmeOt  ts  again  rellectcd  as  u  mot</r  impidse." 

The  several  sciences  liaving  attained  certain  analytiool 
results,  it  rviiiains  for  I'hiloanphy  to  co-ordinate  these 
into  u  doctrine  which  will  furnish  gcueml  conceptions 
of  the  World,  Man,  and  Society.  On  tJie  analytical  side 
a  mvchanicul  ihL'ory  of  the  iniivcrse  niijiht  bo  perfected, 
bat  it  would  still  only  be  a  theory  of  mechanical  re- 
lations, leaving  all  other  relations  to  bo  expressed  in  other 
termsL  We  caoiiot  accept  the  statement  of  Descartes 
that  Xctture  is  a  vast  mechanism,  and  Science  the  uni- 
versal application  of  matbematica.  The  equation  of  a 
sphere,  however  valuable  from  a  geometrical  point  of 
view,  is  useless  as  an  explanation  of  the  nature  and  prop- 
erties of  tho  spherical  body  in  other  relations.  And  so 
a  complete  theory  of  tho  mcchunical  relations  of  Uio 
otgauisui,  however  valuable  in  itself,  would  be  worthless 
in  the  solution  of  a  biological  problem,  tirdcss  supplc- 
inetlt«d  by  all  that  mechanical  terms  are  incompetent  to 
cxprt;ss. 

9.  The  course  of  biological  speculation  has  been  simi- 
lar to  the  cosmological.  It  olao  began  with  a  First 
Notion,  whicli  compendiously  expressed  tlie  facts  of 
Experience.  Nor  can  any  Theoretic  Conception  bo  finally 
adopted  which  does  away  with  these  facts,  known  with 
positive  certainty,  and  popidarly  expressed  in  the  phrase: 
"  I  have  a  body,  and  a  souL"     We  may  alter  the  phrase 
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either  into  "I  am  &  body,  and  I  nm  a  soul " ;  or  into, "  My 
body  is  only  tli«  iDnnifcstutiuii  of  my  soul " ;  or, "  My  soul 
is  only  0  iunciion  of  my  body  " ;  but  the  fuudamculul  cx- 
jHiiriencea  which  are  thu!)  oxpreiitied  are  of  absolute  au- 
thority, DO  mattor  how  tliey  luay  be  interpreted.  That  I 
luive  a  body,  or  am  a  body,  is  not  to  be  speculatively  ar- 
j^UL'd  away.  That  I  move  Hiy  arm  to  strike  tlie  man  who 
hcLs  oOended  me,  or  stretch  out  toy  baud  to  seize  tbc  fruit 
wliich  I  see,  is  unquestionable ;  that  tlieso  luovcmentB 
am  d(;ti.Tniii]<.'d  by  \hcse  feidiiij^s,  and  arc  o9\tT  tbiis 
effected  unless  tlius  determined,  is  also  unquestionable. 
Here  ara  two  seta  of  pheiioniena,  having  well-ninrked 
difTerences  of  aspect;  and  Ihey  are  grouped  respectively 
under  two  general  heaiU,  Life  and  Mind.  Life  ia  as- 
signed to  tb«  physical  organism,  or  Body — nil  ila  phe- 
nomena are  objective.  Mind  ia  assigned  to  the  psychical 
oi^aniam,  or  Soul^ — all  its  phenomena  are  subjective. 
Although  what  ia  called  my  Itody  is  shown  to  be  a  group 
of  fjualitiea  which  arc  feiliujis  —  its  color,  form,  solidity, 
position,  inolion  —  all  it»  physical  attributes  being  what 
is  fell  by  us  la  couKe({UL>Rco  of  the  laws  of  our  orgauiia- 
tion ;  yet  inasmuch  as  tliese  feelit^  have  the  charocter- 
istjc  marks  of  objectivity,  and  are  thereby  referred  to 
some  objective  existence,  we  draw  a  broad  line  of  denial^ 
cation  between  tlivm  and  other  feelings  having  the  cha> 
iLCleriatic  marks  of  subjectivity,  and  roforring  to  oureclve* 
as  8nbj«ct«.  Psychological  analysis  shows  us  that  this 
lino  of  demarcation  is  artificial,  only  rvprortcnting  a  di- 
versity of  aspect :  but  as  such  it  is  indispensable  to  sci- 
mice.  We  cannot  really  separate  in  u  sensation  what 
is  objective  fioax  what  it  subjective,  and  say  bow  much 
belongs  to  the  Cosmos  iqiart  from  Sensibility,  and  how 
mucii  tfl  the  subject  pure  and  simple ;  wo  can  only  view 
the  sensation  alternately  in  its  objective  nnd  subjeoUve 
aspects.     What  belongs  to  extia-mentol  existence  in  the 
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Iilieiiomenoo  of  Color,  and  what  to  tJic  "greeting  of  Uw 
spirit,"  is  utterly  1>oyon<I  human  knowledge:  for  the  ethe- 
real iindulfltious  >«'hich  physieisl*  pieaappose  as  the  eoft- 
mic  condition  are  tliemselves  subjected  to  this  same 
greeting  of  the  spirit :  they  too  are  ideal  forms  of  sensi- 
ble  expcncnces. 

10.  This  conchuion,  however,  was  vcty  slowly  reached. 
Tlie  diatiiiclion  of  asfjects  was  madt'  the  f^iiiid  of  a  cor- 
responding distinction  in  agencies.  Each  group  was  per- 
sonified and  isolated.  The  one  group  was  personified  in 
Spirit  —  an  cxL«t«nt  in  every  respect  opposed  to  Matter, 
which  was  the  existent  reprcseuted  in  the  other  group. 
One  wa.s  said  to  be  simple,  indestructible ;  tlio  other  com- 
pound, destructible.  One  was  invisible,  impalpable,  be- 
yond the  grasp  of  Sense ;  tJie  other  was  visibto.  Itingiblc, 
sensible.  One  was  of  heaven,  the  other  of  earth.  Thus 
a  biological  ]>uali.sm,  analt^us  to  the  coamological,  re- 
placed the  Firet  Notion.  It  was  undvnninod  by  oilvances 
in  two  direction-s.  Psychology  began  to  disclose  that  our 
conception  of  Matter  was,  to  say  the  least,  saluraltii  with 
Mind,  iti  .\toms  conJ'&<i<iedly  being  ideal  figments ;  and  that 
nil  the  ttfi-ins  by  which  wo  expressed  maifriul  ijtialitm 
were  terms  which  expressed  morfes  of  Falinj ;  so  that 
whatever  remained  over  and  above  thbt  was  the  unknown 
X,  which  speculation  reciuirL-d  iis  a  |>09tuhitc.  Idealism, 
rejecting  this  postulate,  declared  that  flatter  wa.1  simply 
the  projection  of  Mind,  and  that  our  Body  was  Uie  objec- 
tivation  of  our  Soul.  Physiology  Ijegan  to  diacloae  that 
all  tlie  nicntid  processes  were  (mathematically  s{>eal(ing) 
/unetiona  of  physical  processes,  i.  e.  varying  with  tlio  vari- 
ations of  bodily  states ;  and  this  was  declared  enough  to 
banish  forever  the  conception  of  a  Soul,  except  as  a  term 
simply  expressing  certain  functions, 

11.  Idealism  and  Matoriitliflm  are  equally  destructive 
of  Dualism.    The  defects  of  particular  idealist  and  niate- 
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ridut  tbaaaei  «e  vill  not  bete  landi  apcw ;  thef  waiaij 
fCMilt  Ann  deCecto  of  Metfaod.  Koi  adBcMsUjr  renpu- 
iag  tbe  [*inMi7  ffect  taMified  by  Ccaaaomaa^  auae^, 
tlMt  Experieoc*  iiiiiiUMM  bcCh  filoraed  sad  antal 
aqiMiJi,  aad  that  a  K(*-Self  is  tmrjwhae  iadimeUbiy 
interwoven  with  Self,  ui  abjective  &ctor  wUii  a  sofafBCltTe 
Ibctor,  tbe  idealist  redaoes  Kifatoww  to  a  mere  pancnaaia 
of  ntaul  aui€»,  and  tbe  Body  to  a  group  in  this  pano- 
nuna.  II«  la  thaa  tncapobli;  uf  giving  a  aatiafiietcay  ex- 
planation  of  all  the  objective  {JieDomeiia  which  do  not 
follow  in  tiie  saoie  order  as  his  feelit^s,  which  manifest  a 
nnrrriinii  unlike  his  expectatioD,  and  which  be  cBODOt 
c:bua  nnilcr  (be  citd«r  of  his  mental  states  hitbertu  expe- 
rienced, lie  conceives  that  it  is  tluj  Mind  which  j/rr- 
tmbe$  tbe  order  io  Tbings  \  whereas  experience  assures 
Bi  that  the  order  is  d<»crd)rd.  not  prescribed  by  as :  de- 
aeiibed  in  tenn*  of  Feeling,  but  determined  by  tbe  laws 
of  Things,  i.  e.  tho  genesis  of  subjective  phenomena  \st 
detcrmiued  by  tbe  action  of  tbe  Cosmos  on  our  Sensibil- 
ity, and  the  reacti<»)  of  our  Sensitnlity.  lie  overlooks 
tho  ovideoce  tltat  the  mental  forms  or  laws  of  thought 
which  determine  the  character  of  particular  cxperittnoes, 
were  tlicmselvea  evolved  tlirough  a  oootinual  action  and 
reaction  of  tho  Cosmos  and  tbe  Soul,  precisely  as  the  laws 
of  organic  action  which  detcnnitio  tliv  character  of  par- 
ticular functions  werejevolvcd  through  a  continual  adap- 
tation of  tho  organism  to  the  medium.  These  immuiiuiit, 
laws  ant  declared  tu  be  ImnscendeuUl,  autecedeiit  to  all 
snch  action  and  reaction. 

A  similar  oxclusiv«nega  vitiates  the  materialist  doctrine. 
Overlooking  the  primnr)-  fact  that  Keeling  is  indissolnbly 
interwoven  with  proocsecs  roKUrdcd  as  purely  physical 
because  tbey  are  considered  solely  in  their  objective  as- 
peot,  tho  materialist  fails  to  rccoj!:nixo  tho  operation  of 
payoholc^ical  laws  in  the  determination  of  physiologik:3l 
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Tceults ;  he  hope)  to  rodiice  Biologjr  u>  a  problem  of  Mc- 
cbaoics.  Bat  Vitality  ftti<l  SonsibilitT-  are  coefficients 
which  moit  nod«r  the  muchaaiciJ  problvin  insoluble,  if 
only  on  the  groQiMl  that  inechauicAl  pnnciplea  have  rerer- 
enco  to  ({uantitativu  rcktiout.  whereat  vital  relations  an 
qualitative.  Hia  error  is  the  obverse  of  the  vitalist's 
error.  Ttie  vitalist  ii»agia«s  that  the  speciality  of  orguaic 
phenomena  proves  tbe  existence  of  a  cause  which  has  no 
oOBiniiinity  wiUi  Uio  foroes  operating  elsewhere ;  so,  tum- 
iI^:  bis  back  on  all  the  evidence,  he  attempts  to  explain 
organic  phenomena  without  any  aid  from  Physics  And 
Cheinistiy.  The  umteriali»t,  turning  liis  hack  on  all  the 
evidence  of  quite  special  conditions  only  found  at  tmrk 
in  living;  or^nisnis,  tries  to  explain  tlie  problem  sokdy  by 
tbe  aid  of  Tliysics  and  Chemistry.  It  is  quite  certain 
tiiat  physioIoj;ica1  and  psychological  problems  arc  not  to 
be  solved  if  we  disresard  the  laws  of  Evolution  throiifjli 
Epif^-ncsis.  Tlie  mental  structure  is  evolved,  as  the  phys- 
ical structure  is  evolved.  It  is  quite  certain  that  no  such 
evolution  in  visible  in  anoi'ganisms,  nor  will  any  ouc  sup- 
pose it  to  be  possible  in  machines.  From  the  biological 
point  of  view  we  must  tlierefore  reject  both  Idealism  and 
Materialism.  We  apiilaud  the  one  when  it  says,  "  Don't 
coulusc  mental  facts  by  the  introduction  of  physical  hy- 
potlieaea";  and  the  other  when  it  says,  "Don't  darken 
physical  facta  with  metaphysical  laiats."  Wc  say  to  both, 
"  By  all  means  make  clear  to  yourselves  which  aspect  of 
the  plienoinena  you  are  dealing  with,  and  express  each  in 
its  own  terms.  But  in  endeavoring  to  understand  a  phe- 
nomenon you  ranst  take  into  account  all  it«  osoertaiiiablt; 
conditions.  Now  these  conditions  are  sometimes  only 
approachable  from  the  objective  side ;  at  other  times  only 
from  the  subjective  side." 

12.   Wliile  it  is  necessary  to  keep  the  investigation  of  a 
process  on  its  objective  sid^  limited  to  objective  condi- 
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tioDS.  and  to  express  the  result  in  objective  terms,  we  niunt 
remt-'iubcr  iL^t  tlils  is  aa  artifice  ;  above  nil.  we  mu^t  ru- 
tnenilier  that  even  withiD  tlie  abjective  limits  our  analyses 
nro  only  provisional,  mid  must  bo  finally  rectified  by  a 
restoration  of  all  the  elements  we  have  provisionally  set 
asidu.  Thus  ructificd,  tlio  objcotivo  iiiterprulation  of  vital 
aud  mental  phenomena  has  the  iiicaini>arat)le  advantage 
i>f  simplifyin"  resenrch,  keeping  it  (ixetl  on  physical  pro- 
cesses, instead  of  being  perturbed  by  suggestions  of  met- 
aphysical procciisos.  And  as  all  physical  investigation 
naturally  t«nds  to  reduce  itself  to  a  mochtinical  invi-stigii- 
tiiD,  because  Mechanics  is  the  science  of  motion,  and  all 
physical  processes  are  motions,  wc  may  l>e  asked,  Wliy 
should  not  the  mechanical  point  of  view  be  the  rational 
stand ing-jioint  of  the  biologist!  Our  answer  is,  Because 
Mechanica  concerns  itself  with  abstract  retattona,  and 
ttcnls  of  products  without  reference  to  modes  of  produc- 
tiou,  i.  e.  with  motions  without  reference  to  all  the  con- 
ditions on  which  they  depend.  Every  physical  vhange, 
if  expressed  in  physical  terms,  is  a  change  of  position, 
and  is  d«u;nnincd  hy  some  preceding  chungo  of  jiusilion. 
It  ia  a  movement  having  a  certain  velocity  and  direction, 
which  velocity  and  direction  are  determined  by  tli«  ve- 
locity and  direction  of  a  force  (a  pressure  or  a  tension) 
connpoundcd  with  ihc  forces  of  rosistanoe,  i.  v.  counter- 
prDssures.  Clearly,  the  nature  of  the  forces  in  operation 
imial  be  taken  into  account;  and  it  is  this  which  thu 
mechimicid  view  disrt.'gards,  the  biological  regards.  The 
mechanical  view  is  fixed  on  the  ascertained  adjustment  of 
the  parts,  so  tbut  the  working  of  the  organism  may  be  ex- 
plained aa  if  it  were  a  machine,  a  movement  here  liberat- 
ing a  movement  thfro.  The  biological  view  includes  this 
adjustment  of  parts,  but  takes  in  also  the  conditions  of 
molecular  change  in  the  (xirts  on  which  the  adjustment 
dj-namically  depends.      Mcchauicul   actions  may  be  ex- 
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p'tiiaed  as  the  eQlai:gein<7nt  or  diminution  of  the  an^le  of 
two  levers  ■  but  clieniical  actions  are  not  thus  expressible ; 
still  less  vital  and  inenUd  actions. 

13.  The  organism  is  on  the  physical  niile  a  mechanisru. 
ftod  so  long  as  tlie  mecfauiicul  iMtvr[>rctation  of  orgntuc 
phenomena  is  confined  to  expressing  the  mechanical  prin- 
ciples involved  ill  the  mechauical  relations,  it  is  cmi* 
nenlJy  to  be  applauded  But  the  or^^ism  is  sonietliin^ 
more  than  n  mechanism,  even  on  the  physical  side ;  ur, 
since  this  stat«mt'iit  may  be  misunderstood,  let  me  say, 
what  no  one  will  dispute,  that  the  orgaiii.tin  i.i  a  iiieohan- 
isiD  of  a  very  spL-cial  kind,  in  many  canJiiud  ])uints  uoUke 
all  machines.  This  diflerence  of  kind  brings  with  it  n 
diffvrUDCtt  of  cuusilI  cuiiditious.  Iii  so  fur  as  the  actions 
of  tills  mechanism  are  those  of  a  depemleuL  sequence  of 
tuBteiiul  positions,  they  ant  actions  expressible  in  mechan- 
ical terms ;  but  in  so  far  as  these  actions  aro  dependent 
on  vital  processes,  they  are  not  expressible  in  meohnnical 
terms.  Vital  facts,  especially  facts  of  sensibility,  have 
fectors  neither  discraniblc  in  machines  nor  expressible  in 
niccluLDical  terms.  Wo  cannot  ignore  thou,  uJthougli  for 
analytical  purpose.l  we  may  provisioitally  set  theui  aside. 


In  the  couRte  of  the  development  of  the  mechanical 
theory,  the  history  of  which  has  just  been  briefly 
sketdied,  biological  problems  have  more  and  more  come 
under  it«  inlluuncc.  Tlierc  has  always  been  a  fierce  re- 
sistance to  the  attempt  to  explain  vital  and  sentient 
phenomena  on  meclinnical,  or  even  phy!*ieftl  principles, 
but  still  the  question  has  incessantly  recurred,  How  fur 
is  the  organism  mechanically  iiiterpretable?  And  while 
tlie  progwsa  of  Biolo{jy  has  shown  more  and  more  iho 
tuocliino-like  adjustment  of  the  several  parts  of  which 
the  organism  is  conijKised,  it  has  also  .shown  more  and 
uorc  the  intervention  of  conditions  not  uiccliauically  iu- 
Tou  III.  IS 


363 


THE  FHTBICAL  BASIS  OF  lOlID. 


teipretable.  We  shall  have  to  consider  the  question, 
therefore,  under  two  forms.  First,  whether  animals  are 
machines,  and  if  not,  by  what  characters  do  we  distin- 
guish them  from  machines?  Secondly,  in  what  sense 
can  we  correctly  speak  of  Feeling  aa  au  agent  in  organic 
processes? 
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CHAPTEB    II. 


THE  VITAL  MKCHANKM. 


14  No  aoswep  can  be  suocessfully  attempted  in  reply 
to  the  first  of  tile  questions  wtiicli  closed  tbu  last  chuptcr 
until  wc  have  given  prcci-Mon  to  certain  terma  of  inces- 
sant recurrence.  I  liavo  ofU-ii  to  rcmnrk  on  tho  pccullsr 
misfortune  of  Psychology,  that  all  its  principal  terms  are 
employed  by  diffrrciit  writers,  and  arc  uiidcRtooii  by  dif- 
fcpent  readers,  in  widely  different  flenses;  they  denote  and 
(MinDote  mcaQiD<f4  of  \'arioiis  significance.  All  physicigts 
mflAn  tlie  flame  thin^;  when  they  speak  of  weight,  mass, 
aomentuin,  uk^ctvicity,  heat,  t-to.  All  chomist«  mean  the 
same  thing  when  they  speak  of  affinity,  decompoRition. 
oxygen,  cnrl>onic  acid,  etc.  AH  pitystologtsts  mean  the 
same  thing  when  they  speak  of  muscle,  ne^e,  nutrition, 
Hccrc'tiun,  etc.  But  arar^ely  any  two  psychologisU)  mean 
precisely  the  sainu  tiling  when  tliey  speak  of  sensation, 
feeling,  thought,  voHtion,  consciousness,  ett ;  and  the  dif- 
fervncc3  of  (lenutalioii  and  connotation  in  their  uses  of  such 
terms  lead  to  endless  misunderstanding.  As  Itousscau 
says:  "Les  dvtiiiitions  poiircaient  t'tre  lyinnus  si  Ton  n'em- 
ployait  pas  les  mots  pour  les  faire  "  But  since  we  muat 
employ  words  as  onr  signs,  our  utmost  care  .should  be 
given  to  clearly  marking  what  it  i*  tlic  signs  signify. 

LI.  llie  (luestion  wfi  have  now  before  us,  whether  ani- 
mal actions  arc  intor]>retaWc  on  ptircly  mechanical  prin- 
ciple.<i  ?  can  only  be  answered  after  a  preliminary  settle- 
ment of  the  lenna     Hie  first  of  these  terms  to  bo  settled 
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it  tbat  of  BBwb«ni«oi,  wben  applied  to  the  vital  otguusnt 
If  the  ofgaiuBta  is  a  mcchaaism.  Ha  actions  niut  of 
eoane  be  tnteTpt«table  oo  mechanical  principles.  Bat 
ihu  f^cQcml  troth  roqaires  a  fecial  inUitpnttl^im,  if  od 
inqauy  we  find  that  the  ai;gsiusm  b  a  particiilar  Idnd 
of  mecbaoam.  one  wbicb  a  aat  to  he  clas«d  nnder  Uw 
aame  head  u  iooigaiuc  machinea.  And  this  m  do  find 
In  Probtem  L  S  22,  will  be  found  a  statement  of  thu 
radical  diffcrenu;  Iwtwecn  organic  and  inofgaaie  median- 
iama,  doe  to  the  diBerencea  in  their  strnctnras.  But  the 
difGcieDcu  there  noted  du  not  affect  the  opetatton  of  ab- 
stnct  mechanical  principles,  which  are  of  ootme  nuni- 
feited  wherttfT  there  is  a  dependent  aeqaenoe  of  material 
cbanges;  and  wbicb  are  the  same  abstract  principles  in  the 
mecbanism  of  the  heavens,  the  mechanism  of  a  papers 
mill,  or  the  mechanism  of  an  animal  body.  In  other 
vonls,  the  principles  are  abstract,  and  are  abstracted  from 
■11  eonciete  cases  bj  letting  drop  what  is  special  to  each 
caae,  retaining  only  what  is  common  to  all.  This  prooe- 
dorc  IS  indispensable  to  the  ideal  constmctions  of  Science. 
But  we  cannot  rightly  interpret  any  concrete  cose  by  ab- 
stract principk-s  altnie ;  vre  must  restore  the  special 
characters  which  the  abstraction  baa  t^liiiiinaleil.  Tbc 
moat  lucid  expbtnation  of  the  mvcbonism  of  the  heavens 
will  leave  ua  quite  in  the  dark  respecting  the  action  of  a 
paper-mill,  until  we  have  studied  the  uiill  at  u-ork,  ascer- 
tabed  its  structure  and  mode  of  operation,  «nd  therein 
detected  what  is  common  both  to  its  mecltanisiu  and  to  tliu 
mechanism  of  the  henvuns.  Thus  equipped,  we  approach 
the  AaAy  of  the  animal  meooauism,  but  find  ourselves 
wholly  in  tlie  dark  until  we  have  aUo  ascertained  its 
structure  and  mode  of  operation ;  then  we  may  recognize 
in  it  the  principles  of  dejtemlent  He)jui.-nce  which  bad 
been  abstmctcd  from  tlie  puiHT-inill  and  the  heavens. 
To  neglect  this  concrete  study,  and  to  argue  from  Mar 
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cbin«Ty  to  IJfe  in  disregard  of  special  conditions,  is  not 
mom  rational  llian  Ui  lasiuDe  tliai  Ow  niovemenC  of  a 
piston  n  pfinn|«t«d  Iqr -vntiliML 

lt>.  "the  n<xjgiiiUk'U  of  --itiMial  ilifrcrcDCCS  is  no  denial 
of  lundarRentoI  identities.  Wb  do  not  deny  the  prc*cnw! 
of  }>lieiioiftei)a  in  organising  which  belong  to  physical  and 
cheoiicHi  agencies,  but  wu  ussert  that  oi^nisms  Iiaw 
'  oUier  phenomena  besides  these,  dependent  on  cunditions 
not  present  in  physical  and  chemical  phenomena  The 
same  material  elemeutt  and  foi-reA  may  be  recognized  in 
a  moving  inoigunic  body, and  a  moving  organic  body;  but 
in  tbe  latter  there  is  a  speciality  of  combination  with  n 
speciality  of  result  Just  us  the  same  woids  and  laws  of 
gnmmaticttl  construction  may  be  recognized  in  prose  uid 
poetry ;  yet  i)oetry  is  not  pi-osc,  but  has  special  niles  of 
it«  own,  and  special  eRects.  In  an  organism,  as  in  a 
machine,  the  adjustment  of  the  parts  is  a  condition  of 
the  mechanical  action  ;  the  one  enables  us  to  explain  the 
Otiwr.  But  the  parts  adjusted,  and  the  i-onseciuiinccs  of 
the  adjustment,  are  unlike  in  the  two  caaGS.  This  uulike- 
ness  is  i»rvftdiug  and  profound.  One  canlitial  difference 
is  that  the  combination  of  the  parts  is  iu  the  machine  a 
fixed,  in  IW.  organi.sm  a  fluctuating  adjustment;  and  tliis 
(luctuuliun  is  due  t«  certain  vital  procussc^  subjectively 
known  as  sensititr  guidance.  Ilence  machines  have  fixed 
and  calculated  mechiinisms ;  wliemis  organisms  are  varia- 
ble and  to  s  great  extent  incalculable  mechanisms, 

17.  I  conceive,  therefore,  that  a  theory  vhicli  reduces 
vital  activities  to  purely  physical  processes  is  self-con- 
demned. Not  that  we  are  to  admit  the  agency  of  any 
extra-ort!iii)ic  principle,  such  as  the  hypothesis  of  Vital- 
ism assumes  (I'rob.  I.  §  14) ;  but  only  the  agency  of  an 
intra-organic  principle,  or  the  abstract  symbol  of  all  the 
cu-opcTunt  conditions  —  the  special  combination  of  forces 
which  result  in  organization.     This  assures  lis  that  an 
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iBApMolar  Idndfif  iBediaBisa.tbe  piuteaacjin 
wlad  are  pee^liK  to  it ;  tii  imaagiimm  fsoenta  then 
m  aoe  wEiicb  lesaka  io  viMt  «e  ^U  Senilafitj.  Thix 
SndditT  u  ft  fiKtor  whid  nms  tbt  phannmBn*  into 
'  ordec  To  oTedook  its  pfcaeuix  ts  &ul  to  anjr 
of  tbf  otgmie  nMcfauiinB.  Yet  ii  ia  oti.t^ 
looked  hy  tiiom  who  tell  as  Uut  wbes  an  inpnaaioo  aa 
ft  Ben-e  b  conveml  to  the  bnin.  and  is  tiieBoe  reflected 
cm  the  limbs  —  as  wben  tbe  retisa  of  a.  wolf  b  atunnbted 
br  tfaa  image  of  a  sh«epi  and  tbe  spring  of  the  woU  vpna 
the  sheep  fotlnvs  as  a  "  purely  mechanical  conaeqaeoce — 
tbe  whole  process  has  from  fint  to  last  been  ^yakai" 
Unless  the  tenn  fkftieal  a  here  osed  to  d«a^Bate  the 
tijtetvee  aeqvmee,  as  ooalemplated  t^  aa  ooloober.  wlw 
likens  the  proecfls  to  tbe  aenaeiice  ofaeervaUe  in  a  ma- 
chine, I  shoold  say  that  fVom  flrst  to  last  the  pnoew  Ins 
been  not  physical,  but  vital,  involvii^  amon^  ita  essential 
conditions  tlie  peculiarly  vital  &ctor  named  Svnsihility. 
The  process  taking  {Jaoe  in  the  wolf's  or^uism  ia  one 
which  invcjves  conditions  never  found  in  purely  pliysiool 
pTooessesL  We  may  indeed  analytically  dtsiegaid  tbeaa 
We  may  view  the  pnw«8S  in  il«  puivly  physical  ndatJons, 
or  in  itii  purely  chemical  relations,  or  in  its  purely  mathe- 
matical (mechanical)  tdatioos.  Bat  this  is  the  artilke  of 
the  analjrtical  method  In  rcnlily  the  process  is  no  one 
of  these,  for  >t  is  oil  of  these  ;  it  is  a  process  in  a  living 
organism,  and  depends  on  condition!i  only  found  in  living 
organisms  —  nay.  in  this  particular  caw  tht-  process  de- 
pends on  conditions  only  found  in  or^nisms  like  that  of 
the  wolf;  for  the  image  of  the  ehocp  will  stimulate  the 
brain  of  a  goal,  horse,  or  elephant  witliout  producing  any 
such  movemi^tit  in  the  <vrgaiii^in. 

18.  The  importance  of  this  point  must  excuse  my  re- 
iteration of  it  We  muKt  make  clear  to  ourselves  that 
the  Mgantsm  ts  in  its  ol'jective  aspect  a  physiological 
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ni«ebftmsni,  in  its  subjective  aspect  a  psycholotncal  mech- 
snifrru:  in  both  aspecto  it  ia  to  be  mdically  cli>iniircat«d 
frotn  all  inoi^^iiic  lucchaiiisins.  lu  il  llic  combiaatioD 
and  co-or*iination  of  movements  involve  coi]<lition.<)  never 
present  in  tnacbinca;  ainuog  tbese  conditious,  tbc-ru  are 
combiDBtiooa  and  co-onlinations  of  Sensibility,  which, 
although  material  proc«sse.<i  on  tlic  objective  side,  are 
[aoceeees  believed  to  be  only  prt-scnt  in  oT^-anisma.  \V« 
have  the  atrongest  reoaouH  for  concluding  l!iat  every  fwl- 
in-;,  every  change  in  Sensibility,  liaa  it-s  correlative  ma- 
terial process  in  the  organism — is,  in  short,  only  the 
Aubjcclivo  aspect  of  tlic  objective  or^iiic  chango.  \\'hat 
in  Physiology  ia  called  Co-ordination  and  has  refentnce 
to  muvemeiiU,  in  I'sychohigy  nmy  \w  called  Lo-^ic,  having 
reference  to  feelings.  But  be  this  latler  point  accepted 
or  rejected,  the  one  point  which  admits  of  no  dispute  is 
Ihat  an  organism  ia  radically  distinguishable  from  every 
iiiorgunJc  mechauisin  in  that  U  acqturts  through  the  ttry 
taxrcix  of  iU  primarg  amstitiUion,  a  new  conMituimi  with 
netopawtrs.  Its  adjustment  is  n,  changing  and  developing 
mecbanism.  That  is  to  say.  a  tnacliine,  however  complex 
its  straoturc.  is  constructed  once  for  all,  and  this  primary 
constitution  is  finnl,  the  adjustment  nf  pnrt^  remaining 
unaltered ;  and  although  by  exercise  the  machine  may 
com*  to  work  more  easily,  with  \vis  friction,  it  never 
comes  to  work  difTerently,  to  nvi'/juitt  its  parts,  and  develop 

I  new  capabilities.  It  lias  no  kisforicftl  facU>r  manifest  in 
its  f\inctioR8.  It  has  no  experience.  It  reacts  at  last  as 
at  firtt.  ITow  different  the  oi^nism !  Tliis  has  not  only 
variable  adjustments  due  to  internal  fiiictuations,  it  has 
experience  which  develops  new  parts,  and  new  adjust- 
ments of  old  parts.  Every  or;^nism  has  il.s  primary  con- 
stitution in  the  adjn.itment  of  parts  peculiar  to  the  spe- 
cies ;  it  has  also  its  tiKtmdary  or  modified  oonstitntion,  in 
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individuiil  experiences ;  it  has,  thirdly,  iu  temporary/  oon- 
sliliilioii  iu  tlic  Yitriablc  adJuitLmciil  due  to  tlie  varyiitg 
8tato  of  teiision  wUicli  results  from  varyinj'  Etimulation. 

19.  A  word  oil  each,  niere  la  a  structuRii  dLspositioii 
of  the  ijarts  which  is  comuion  to  largu  ••roups  of  organ- 
isms, so  thnt  a  coTrespoiiding  aimilaiiiy  ia  oliscrvat>lo  in 
the  reactions  of  thcisc  organUms.  Thus  nil  ({iindrnpcds 
use  their  limbs  for  locomotion  in  very  similar  ways ;  birds 
use  llii-ir  wings  fur  fliglit  in  similar  ways.  jVII  vert«bint«K 
swallow  their  food,  defend  themselves,  shrink  when  hurt, 
etc.,  in  ways  that  arc  very  siniiliir.  In  so  far  tn  their 
organizations  ac«  alike,  thvir  actions  and  reactions  are 
alike.  In  so  far  as  their  oiganizations  differ,  their  actions 
Bind  reactions  differ.  Tlie  guone  and  the  vultnru  unt  alike 
in  the  main  lines  of  structure ;  still  more  alike  are  diiek 
and  hen ;  yet,  owing  to  certain  unlike  clmractcrs  of  atruc- 
tuii^  they  manifest  some  marked  diflereDces  in  action  and 
reaction:  tlie  goose  will  stane  in  the  presence  of  food 
which  the  vulture  gluttonously  devours,  and  tlie  ^-uUure 
will  refuse  tlic  vegetable  food  which  the  ggosc  devours; 
the  duck  plunges  into  the  water,  the  hen  not  only  refuses 
to  eut^T  it,  but  is  greatly  agitab^d  when  she  sees  the  duck- 
Vmga  she  has  hatched  plunging  into  it.  That  peculiar 
instincts,  habits,  and  focliugji  arc  rigorously  deternuned 
by  peculiarities  in  tlie  organism,  no  one  doubts,  wheji 
aniniala  are  in  question.  If  Uiis  is  less  obvious  in  the 
case  of  men,  the  reason  is  that  tliere  tltc  influence  of  other 
factors  somewhat  masks  tlie  opetatiou  of  the  primary  con> 
stitution  —  these  factora  are  the  modified  and  the  tcm- 
porary  constitutions.  Yet  even  in  man  it  is  true  to  say 
tliat  his  feelings  and  actions  are  the  result  of  his  oi:g(UUXa- 
Uon,  native  and  oc^inired. 

30.  Ko  two  men  are  organized  in  all  respects  alike- 
There  are  indindual  variations  in  structure,  both  native 
and  ac<tuired.    These  may  be  too  slight  to  be  appreciable 
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I>y  uiiy  oUier  test  than  lh«dinV.'renceorn>iiction  uuder simi- 
lar exUrriial  sliuiiili ;  but  tlio  vuriiitioiia  in  tlie  seoaibility 
to  iiiii.ttc,  onlor,  C«inperaturc,  sexual  inliuence,  moral  in- 
lluence,  etc.,  bt'triiv(.'orrrajKii»iiiijj<tiircrfnt;fs  in  lhc«i;g»ii- 
i»nis.  Any  one  variation  in  structure,  seemingly  trivial, 
may  be  the  orifpu  of  well-markeil  <iivewity  in  ]iliyaical 
and  moral  charactera  Compare  tb«  bull  with  the  ox,  or 
tho  prcdtilorj-  aggressive  engle  with  the  cowardly  vulture. 
Nor  are  the  temporary  modifications  to  1«  overlooked. 
i\j»toine  Cro8  menliong  the  case  of  a  patient,  a  younj}  girl, 
suflrerin;4  from  congested  liver  and  s]>i<:cn,  which  uf  courw; 
altered  the  state  of  her  blood,  and  thus  for  a  time  modi- 
fied hcT  constitution.  Her  moral  chantfiter  n-o.^  greatly 
altered  by  it.  She  cpaaed  to  feel  any  afToctioa  for  father 
or  mother;  would  play  witli  lier  doll,  hut  could  not 
be  brought  to  show  any  delight  in  it;  could  not  be 
dtawn  out  of  her  apathetic  sadiics^  Thin^  which  prc- 
TJously  had  made  her  shriek  with  laughter,  now  left  her 
niiintcrcsted.  Her  temper  changed,  became  capricious 
and  violent.*  Consestion  of  the  lung^.  if  unaccompanied 
by  congestion  of  the  liver,  never  prodtieea  such  nfTccts,  lie- 
cause  not  thus  altering  the  blood.  The  eSects  of  liver 
congestion  are  familiar.  Cros  cites  the  case  of  a  m&gia- 
trutv  whose  liver  was  enlai^i^,  and  whoso  skin  showed  a 
■iiarkcdly  bilious  aspect,  and  in  whom  nil  affectinn  seemed 
to  be  dead ;  he  did  not  exhibit  any  perversion  or  violence, 
only  want  of  emotive  reaction.  If  he  went  to  the  theatre 
he  could  not  feel  tho  slightest  pleasure  in  it.  The  thoughts 
nf  his  home,  his  absent  wife  and  children,  were,  he  de- 
clared, as  unalTecting  to  him  as  a  problem  in  Euclid. 

21.  Owing  to  the  recognized  dependence  of  peculiar  in- 
.ttincts  and  raodcit  of  reaction  on  peculiarities  of  structure, 
comparative  anatomists  arc  quite  confident,  when  they 

*  AxToiKK  Cno*.  la  Foneiimt  mptritart*  iu  SgtCt/M  nentitt,  1STS, 
p.  8S. 
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find  a  portion  of  a  skuU  with  two  occipitul  condyles,  that 
tli«  aiituial  to  which  ttiis  skull  belonged  had  red  blood- 
corpuscles  without  imulei,  aod  (if  u  fumult;)  suckled  ils 
young.  If  in  that  fra^nent  of  skull  tb«re  remain  a  single 
tooth,  it  will  prove  that  tho  aniuiul  was  nmiivoruus  or 
herbivorous,  and  had,  or  bad  not,  retractile  claws.  From 
6uch  diiUt  a  gouvial  conclusion  may  hu  roniivsl  as  to 
the  iitHtincta  and  habits  of  the  animal.  Xbs  data  d)s> 
close  much  of  tlio  priuinry  constitution,  that  h  Ui  say. 
the  mechaniiim  which  the  animal  brought  with  it  into  the 
world,  ruudy  prupurud  lo  react  in  dv^nite  ways  on  being 
Htimulated.  The  connate  mecbaoisni  has  coi-relativu  ten- 
dencies of  reaction.  Some  of  ii^tme  tfindencies  are  inevi- 
tably called  into  play  by  external  condtttous,  and  th«y 
coutioue  unaltered  amid  great  varieties  of  circonutancca, 
provided  none  of  tiiese  variations  directly  doprivc  them 
of  ibcir  appropriate  »tiiuulutiou.  Such  tendencies  of  the 
connate  mechanism  are  styled  atttimatK  (an  unfortunate 
metaphor,  which  has  led  to  the  theory  of  Automatism), 
and  include,  besides  the  visceral  reactions,  the  more  com- 
plex reactions  of  winking,  breathing,  swallowing,  cough- 
ing, flying,  walking,  el&  It  is  true  Ihnt  wc  Icani  to  walk, 
and  team  to  wink,  whereas  the  other  actions  require  no 
tentative  ciTorts  directed  by  experience ;  but  the  median- 
ism  of  all  the.se  actions  ia  already  laid  down  in  the  fni- 
mary  constitution,  nnd  its  inevitably  called  into  play. 

32.  The  instincts  also  belong  to  the  counnte  niechan- 
iltn,  and  in  the  course  of  the  noniial  experience  of  the 
Mtiiiiid  inevitably  come  into  play ;  but,  untiko  the  auto- 
matic tendencies  of  breatliin^,  swallowing,  and  coughing, 
thfty  are  capable  of  modilication,  or  even  suppression,  by 
alterations  in  the  coarse  of  individual  experience  The 
connate  meobaniem  of  the  cat  determines  its  dread  of 
water,  and  its  enmity  to  the  dog  and  mouse ;  yet  a  cat 
wilt  by  tlie  modifications  of  certain  oxjicrieQces  become  as 
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naAy  as  an  ott«r  to  take  to  tlie  water,  and  become  so 
fond  of  u  doj;  thai  sliu  will  allow  liiia  to  tend  upon  her 
kittens ;  and  so  iniliffereiit  to  tlie  mouse  tiiat  »li«  wili  ht 
it  niL  ovvr  licr  body.  All  tliis  implies  »  new  adju&tiuciit 
in  the  nenouB  ccatrefi,  with  new  toodea  of  reaction  ou 
aeoaoiy  im]>n!3sioiia:  the  inherited  Iticchanism  has  been 
modified.  I  need  not  dwell  oa  the  profound  modifica- 
tions which  the  human  inhent^d  mechanism  undcrpocs 
in  the  course  of  exi)(!riciic<;  —  how  social  iotluencea  and 
moral  and  religious  teachings  redirect,  or  even  tuppieu, 
many  primary  tendencies;  so  thiit  "moral  habit«"  become 
oigBiiised,  and  replace  the  original  tendencies  of  the  oi^n* 
iam.  These,  when  oi'ganised,  become  tlte  inevitable  utodes 
of  reaction,  and  are  sometimes  callud  secondarily  auto- 
matic. It  ia  imiiurtatit  to  rvcugnixe  lliis  orgunizution  of 
experiences,  this  acqoisition  of  a  secondary  or  modified 
constitution,  if  wc  wwild  explain  psychological  processes 
by  physioli:^ical  processes.  Thus  tlie  processes  of  Logic 
are  automatic,  they  belong  to  the  connate  primary  mech- 
anism, and  their  action  i^  inevitable,  invariable.  The 
elemenU  of  a  judgment,  like  tlic-  element:?!  uf  a  perception, 
may  ^'ary,  and  we  tlierefore  say  that  one  Judgment  is 
false,  and  one  perception  incomplete;  hut  the  judging 
process  is  always  the  same,  and  the  perceiving  process  ia 
always  the  same.  We  may  hreatlie  pure  air  or  impure 
air,  but  the  breathing  process  is  in  each  case  the  same ; 
and  judgment  is  aa  automatic  as  breathing,  not  to  be 
altered,  not  to  be  suppressed.  Again,  the  moral  terror  at 
wickediKss  of  any  recogniied  kind  is  as  automatic  as  the 
instinctive  terror  at  danger.  The  one  has  its  roots  in 
the  primary  disposition  called  love  of  approbation  and  its 
correlative  dread  of  disapprobation:  the  social  instinct 
The  otlier  has  ita  root  in  the  primary  disposition  colled 
"instinct  of  self-preservation,"  which  is  really  the  reflex 
shrinking  from  pain :  the  physiological  instinct 
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23.  Besides  the  cuniuite  and  acquired  moclianUni,  vre 
have  now  to  consider  the  tetai»<irary  and  Hiictuating  ad- 
jOHtuioiit.s  whicb  ru])rescul  the  »t(iUcid  ooinlicion  uf  the 
organism  at  each  moment  The  automatism  of  the  pri- 
umry  constitution  is  such  that,  previous  exiteripiicc  nad 
conscious  cflbrt  aro  not  needed ;  nor  will  any  experiL-uce 
or  any  effort  alt«r  the  mode  uf  rtjaction.  If  a  strong 
liglit  falls  on  the  eyv.  the  iris  eontiuct«;  if  the  eyeball 
U  dry,  the  eyelid  drops ;  if  sound-waves  beat  ujtou  the 
tyinpunuui,  the  slapedtiis  muscle  contracts;  if  the  lin- 
ing of  the  throat  be  tickled,  the  muacles  involved  in 
coughing  or  in  vomiting  contxaet  No  tixpcrience  is 
necessary  for  these  actions,  some  of  which  are  ho  com- 
plicatiHl  thot  if  wo  had  to  learn  them,  as  we  learn  far 
simpler  actions,  the  organism  would  ixirish  before  the 
power  was  attained.  Yet  all  of  these  presuppose  a  cer- 
tain normal  state  of  the  niuclianism,  any  eonHidemblc 
variation  in  which  will  modify  or  siippre»i  them. 

24.  Sec-ondurity  automatic  actions  nre  those  whieh  have 
been  acquired  through  exjieriences  that  have  modilied 
the  organism,  and  produced  a  new  a^iustinent  of  puits, 
We  learn  to  shield  the  eyes  againnt  a  8trong  glare  of  light 
by  raising  Uie  hand;  by  winking  we  loam  to  shield  the 
oye  against  an  approaching  body ;  we  also  leam  to  turn 
the  head  in  the  direction  of  a  sound,  and  Ui  thrust  mvay 
with  our  hands  the  object  that  is  irritating  our  skio- 
Experience  has  been  necessary  for  all  tliesu  actions,  and 
has  finally  organized  the  tendencies  to  perform  them,  so 
that  the  reaction  is  invariable,  inevitable,  tinlvss  controlled 
1iy  the  wilL  If  you  tickle  my  throat.  I  may,  or  may 
not,  push  aside  your  Iiaud ;  hut  if  the  inaide  uf  my  throat 
be  tickled.  I  must  cough.  Here  we  s.fe  the  diffiTeiice 
between  llie  automatic  ond  secondarily  automatic  actions. 
The  second  being  due  to  individunl  exiwrience.  are  more 
or  less  controllablu ;  and  whether  tliey  am  or  ar«  not 
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voutmlled  depends  on  tl>e  condition  of  the  nerve-centrea 
at  the  moment.  You  amy  tickle  my  tLrotit,  or  imtato 
my  iikiii,  without  cauaiiig  any  movement  of  my  hands  to 
tliwait  you,  citlitir  buuiuse  my  iierve-c«iilr«s  aitt  i)reocc«- 
pied  by  otJier  stimuIatioDs,  und  1  am  not  conscious  of 
tlie  in-itatiou,  or  because  1  do  not  choose  to  tJiwart  you. 

25.  It  should  be  added  that  sonio  sucondarLly  auto- 
iRulic  actions  have  beoome  so  fimily  organized  that  we 
can  only  with  gieat  difficulty  intcrfero  with  them.  Olliers 
never  enter  into  consciousness,  and  are  therefore  often 
8Upi>o6ed  to  be  purvly  mcuhauicikl.  The  movoitiont  uf 
tliu  eye  towards  the  brigliteet  light,  and  the  conver^nce 
of  tlie  axes  of  botli  eyes,  are  reflexes  which,  although 
involuntary  and  unconscious,  are  the  products  of  educa- 
tion. They  do  not  Itelon^  to  tiie  connate  constitution, 
althougli  they  are  so  inevitably  Kc<iuired  by  experience 
that  they  belong  to  every  normal  child.  At  iirst  the 
infant  starea  with  a  blank  gaze,  and  its  eyes,  though  mov- 
ing under  the  stimulus  of  light,  move  iucohcnDtJy ;  the 
axes  never  converge  except  by  accident  Very  early, 
hovrevor,  the  infant's  eyes  are  observed  to  follow  the 
movementa  of  a  bright  light ;  and  at  last  they  acquire  so 
certain  and  rapid  a  pon-er  of  adjustment  that  tlie  eyes 
shift  from  «ix>l  to  spot,  always  "fiNinj^"  the  objoct  by 
briuf^ng  the  most  sensitive  part  of  the  retina  to  bear  on 
it.  The  incoherent  movements  have  liecomc  precisely 
regulated  movemcuts.  It  is  the  same  with  speech.  The 
vocal  organs  art>  exercised  in  an  incoherent  babble.  By 
degrees  tliest;  movcinculs  become  reflated  so  as  to  re- 
spond definitely  to  dcliRite  stimuli,  and  words  are  formed, 
then  sentences,  till  finally  fluent  speech  becomes  in  a 
great  degree  automatic.  The  vocal  muscles  respond  to 
an  auditory  stimulus,  and  the  child  repeats  the  word  it 
Imt  iK.ard,  just  as  the  eye-muscles  respond  to  a  retinal 
stimulus.     That  wo  acquire  the  power  of  converging  the 
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axes,  and  ftccoiDmodating  the  lens  to  Dear  objects,  is  not 
only  pixivvd  by  observation  of  infaDts,  but  also  by  casen 
of  di&eaae.  After  the  reflex  mcchauism  lias  beeu  loug 
established,  so  that  it  acts  with  inevitable  precision,  a 
sliybt  jiftnilysifl  of  one  of  the  uitiffcles  has  tlm  vffect  of 
makiug  all  objects  appear  in  a  difleront  position ;  the 
patient  trying  to  touch  an  object,  tlieu  always  moves  his 
hand  on  one  side  of  it  Von  Groefe  relates  the  case  of 
a  sbonebrenker  who  always  Rtruck  his  liami  wiih  the 
hammer  when  he  tried  to  strike  Die  stoue.  Yet  tbb 
very  man  lmrn<d  lo  accommodate  his  movements  to  the 
new  imprei^ons;  so  that  if  his  )>[iraly8is  had  lieen  cured, 
his  nioditie^l  mechanism  wonlii  have  1>een  ill  adapted  to 
the  DOW  conditions,  and  ho  would  once  more  have  struck 
his  hand  instead  of  the  stoue. 

2t>.  This  digression  on  tJie  native  and  acquired  dispo- 
sitions uf  the  oij^nisin,  while  it  has  brought  into  strong 
light  ell  tliat  cun  be  cited  in  favor  of  regarding  animal 
bodies  as  mechanisma,  and  their  actions  as  the  dirvct  con- 
sequences of  mechanical  adjiislments,  haa  also  mode  con- 
spicuous tlie  radinal  difference  between  an  oi^nifim  and  a 
machine.  We  cnnnut  too  emphutieuUy  insist  on  this  nidi- 
cal  difference.  Iletween  the  group  of  conditions  involved 
in  the  structure  and  action  of  a  machine,  and  the  gtonp 
of  conditions  involved  in  the  structure  and  action  of  an 
organism,  thcro  arc  coutmsts  as  broad  as  any  that  can 
be  named.  To  overlook  these  in  taking;  account  solely 
of  the  conditions  common  lo  both  groups  is  a  serious 
error.  (>n  such  grounds  we  might  insist  that  a  tiger  is  a 
violet,  because  both  are  oiganisms. 

II10  biologist  will  admit  that  an  organism  is  a  mecltan' 
ism,  and  (in  so  far  ai  its  bodi]y  structurs  is  concerned)  u 
material  mechanism.  All  the  actions  of  this  stnictnre 
are  therefore  mechanical,  in  tho  two  senses  of  the  term: 
fittt,  as  being  the  actions  of  material  adjustnii;ncs  \  sec* 
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onclly,  as  being  movements,  and  thereby  included  under 
lliii  general  laws  of  motion  represented  iii  Mechanics; 
the  abstitict  \nv.!s  of  movumcnl  for  an  organic  body  are 
not  (lifTiirent  from  the  abstmct  laws  of  movement  for  an 
inorgauic  body.  So  far  vre  have  beeu  cotuidcriug  the 
abatnict  relations  only.  Xo  sooner  do  we  consider  tli« 
phenomena  as  cuucratv  wholes,  Uiati  we  fJiid  great  di-* 
versity  iu  tlie  moiles  of  production  of  the  movements  in 
organisms  and  machines.  Now  it  is  precisely  tbe  modes 
of  production  whicii  have  interest  for  us.  We  never 
understand  a  phenomenon  so  as  to  gain  any  practical 
control  over  it,  or  any  theoretical  ilhiminatiun  from  it, 
iinloss  we  have  mastered  some  of  iU!  ouuditious;  our 
knowledge  of  the^e  conditiooa  is  the  measure  of  our 
power. 
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CHAPTER  IIL 


mX  BCLATIOIf  or  BODY  AKD  itOTL 


27.  The  second  question  proposed  waa.  In  what  aonM 
can  FeelJDg  be  currvctly  spokva  of  u  in  Agent  in  wganio 
prooeasesf  This  brings  os  foce  to  face  with  a  much- 
()efaat«d  to{iic,  tliv  rvlntion  of  Bodj-  and  Mind :  and  de- 
tuaods  a  thecn^c  interptetatioQ  of  that  First  \'otioQ 
which  exprcwes  universal  experience,  namfily,  that  what 
I  know  as  Myself  is  a  Body,  in  one  aspect,  and  a  Sou],  in 
tb«  Other.  What  I  call  my  Budy  is  a  penistent  siggn' 
gate  of  objective  phenomena ;  and  my  Sonl  is  a  pcisisteut 
aggregate  of  subjective  phenomena :  the  one  is  an  indi- 
vidualixod  group  of  cxpcrifiicos  uxpn.'stiblv  in  turnu  of 
Matter  and  Motion,  and  therefore  designated  pht/sual;  the 
other  ao  individualized  group  of  cxjK-ricnoLvt  cxpresaiUe 
in  terms  of  Feeling,  and  therefore  desi^ated  pm/chiaU. 
But,  liow-ever  contrasted,  tliey  are  txtth  simply  emtiodi- 
menta  of  Experience,  that  is  to  say,  arc  Modes  of  Feeling, 
All  Existence — as  known  to  us — is  the  Felt.  The  lava 
of  our  oi;namsDi  compel  us,  indeed,  to  postulate  an  Exist- 
ent whicli  is  atra  tnentcm  —  a  Fieal  not  Ourselves — hot 
tUv  same  laws  debar  us  from  any  knowledge  whatever  of 
what  this  M,  or  is  tiix.  We  know  "niings  absolutely  in 
M  far  as  tbcy  exi»l  in  relation  to  us ;  and  timt  is  tlie 
only  knowledge  which  oin  have  any  possible  sigoiRcanoo 
for  us. 

28.  It  i«  impossible  for  me  to  doubt  tliat  I  am  a  Body, 
tliougli  I  may  doubt  whether  what  is  thus  called  is  any- 
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thing  more  than  a  group  of  feelings.  It  is  impossible 
fnr  me  to  doubt  that  I  am  a  Sotil ;  though  I  mny  doubt 
whether  what  is  tbiu)  cull^'d  is  more  thnn  a  group  of 
bodily  functions.  In  separating  what  is  uiKjuostionahle 
from  wh»t  in  i|u(!etioiiable,  wv  separate  tho  fundamental 
facts  of  cooeciouaneas  froca  the  theoretic  int«r])n;talion8 
of  those  facts:  no  theoretic  iuterprctation  can  elfaco  or 
alter  the  facts.  Wliatfivar  Philosophy  may  dittcuv«r,  it 
cannot  displace  tlie  fact  that  I  know  I  am  a  Soul,  in  eti-ri/ 
senae  in  irAirA  that  jArax  reprtsaUt  £jrperimf:  1  know 
the  Soul  in  knowing  ita  coi>CTCt«s  (fe«IiiigM),  and  in  know- 
ing it  as  an  abMraction  which  condenaea  those  concretes 
in  a  symbol  The  secondary  question  is,  Wliether  this 
abBtraction  repreaenta  one  Existent,  and  the  abstmction 
Body  another  and  wholly  dilT«rent  Kxi^tcnt,  or  the  two 
abstractions  n-pn'sent  only  two  ditlerent  Aspects  ?  this 
may  be  debated,  and  must  bo  answered  accurdin^  to  thvo* 
retic  probiibilities. 

29.  Wliat  are  the  probabilities  T  We  are  all  agreed 
that  Conscionaneea  is  the  itoal  arbib-T.  Its  primary  de- 
livemnce  is  aimply  that  of  a  radical  distinction.  It  ia 
silent  on  the  nature  of  the  disliiictJon  —  says  nothing  as 
to  whether  the  distinction  is  one  of  agents  or  of  aspects. 
It  saya,  **  I  am  a  Soul."  With  equal  clearness  it  say.i,  "  I 
am  a  Body."  It  doe*  nol  say,  "  I  am  two  things."  Nor 
does  the  fact  of  a  radical  distinction  imply  more  tJian  a 
contrast  of  aspects,  such  as  that  of  convex  and  concave. 
The  curve  has  at  every  point  this  contrast  of  convex  and 
concave,  and  yet  is  tlie  identiral  line  throughout.  A 
mental  process  is  at  every  point  contrasted  with  the 
physical  ]>rooes8  asaumed  to  be  its  correlate;  and  this 
contrast  dumands  equivalent  expression  in  the  terms  of 
each.  The  identity  tinderlying  the  two  aspects  of  the 
curve  is  evident  to  Sense.  The  identity  underlying  Uie 
mental  and  physical  process  la  not  c%'ide]it  to  Sense, 
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bot  may  be  made  eminently  probaUe  to  Specnlatitut, 
espcc-iiiliy  when  we  Iiare  expl&iiied  Uio  gToun<)»  of  iliv 
difference,  namely,  that  they  are  apprebcndwl  throu^li 
(lilTcruut  modes.  But  although  I  admit  that  the  couclu- 
sion  U  only  cne  of  pmhabOity,  it  i$  otw  which  greatly 
tnuiscicnds  tlie  prolnbility  of  any  counter  •hypothesis. 
Let  U9  see  bow  this  can  be  made  out* 

30.  We  start  fh)D)  the  position  tl>at  a  bmad  line  of 
denuucatjon  must  be  dmwa  between  the  mental  and  the 
physical  aapect  of  a  process,  suppoeiog  Uiom  to  be  iden- 
tical ID  reality.  Xotbing  can  be  more  un/ite  a  logical 
proposition  than  the  physical  process  which  is  its  cor- 
relate; so  that  Philosophy  has  hitherto  been  forced  to 
forego  every  attempt  at  an  explanation  of  liow  the  two 
can  be  causally  connected:  referring  the  connection  to  a 
rayatery,  op  inroking  two  different  agents,  sptnlual  and 
material,  moving  on  parallel  lines,  like  two  clocks  regu- 
lated to  work  simultani'ouBly.  But  having  recognized 
this  ditlercnce,  can  we  not  aUo  discern  fundamental  re- 
seuiblanceM  f  First  and  fureniost.  we  note  that  there  is 
common  to  both  the  basis  in  Feeling:  they  are  both  modes 
of  Consciousness.  The  Miud  thinking  the  logical  pn^io- 
sition  is  not,  indeed,  in  the  same  Matt  as  tltc  Mind  pio- 
turiitg  the  physical  process  whicli  is  the  correlate  of  that 
logical  proposition  —  no  more  than  I,  who  see  you  move 
on  being  struck,  have  the  siime  feelings  as  yow  who  are 
struck.  Uut  the  Mind  which  pictures  the  logical  proposi- 
tion as  a  process,  and  pictures  the  physical  procewt  as  a 
bodily  change,  is  contemplating  one  and  the  same  event 
under  its  subjective  and  objective  aspects ;  just  as  when  I 

*  Hw  lulutlon  oflprvd  in  the  [avvnt  chaptrr  wai  Dnt  oflcied  in  Pnk- 
ttmt of  hiff  aiul  Hind,  1S7S.  11.  Wi.iq.  I  niiutioa  lliii  Uvttiw  ulim 
l)in  {luUitxiliaD  of  that  volatile  other  nrllen  bavn  axinvKKil  tli»  wmn 
iilnu,  MiRirtinm  )i«Ing[  my  Inuciiagc  nuil  Qlaitrnlioiii :  c  g.  U.  Tauik 
in  ibe  Rntu  fiUotefhiqiit,  JUIM17,  IHT',  aX.,  Ltt  f'AnUtm*  ctritrml** 
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picture  to  myself  the  feelings  you  experience  on  being 
stnick  I  sepunitti  Uie  subjective  aspect  of  the  blow  from 
ita  objective  aspect.  Secondly,  between  the  loijiwil  propo- 
rtion mill  the  physical  process  there  ia  a  couimuuity  of 
causal  dcpeuduuee,  i.  c.  tlie  mode  of  grouping  of  the 
constituent  elements,  whereby  thia  proposition,  aud  not 
»uotlier,  is  the  result  of  ttiit  tjmiipiiig,  and  not  another. 
In  fact,  wliat  in  subjective  terms  is  called  Logic,  in  objec- 
tive terms  is  Urouping. 

31.  Let  u»  approach  the  questiou  on  a,  moi'o  •eccssibtfl 
aid&  Sensation  avowedly  lies  at  tlie  basis  of  mental 
nianifcsttttiuus.  Now,  rightly  or  wrongly,  SeiuaUon  is 
viewed  altematelyas  a  purely  subjective  fact  —  a  psycho- 
logical process — and  as  a  purely  objective  fact — the 
pbysiolo^uil  reaction  of  a  sunse-orgau.  It  in  so  con- 
spicuously a  ptiysiological  process  that  many  writers 
exclude  it  from  the  domain  of  Mind,  assign  it  to  tlm 
material  organism,  and  lielieve  that  it  is  explicable  on 
purely  luechanical  principles.  This  seems  to  m«  cini- 
ucntly  disputable ;  but  the  point  i^  noticed  in  proof  of 
the  well>niarked  objective  character  wliich  the  phenome- 
non iissumes.  In  thi»  aspect  a  sensation  is  simply  the 
reaction  of  a  bodily  organ.  The  jthysiologist  describes 
how  a  stimulus  excites  the  origan,  aud  dt-clarcs  its  reaction 
to  be  the  sensation.  Thus  viewed,  and  expressed  in  terms 
of  Matter  and  Motion,  tbere  is  absolutely  nothing  of  that 
subjective  quulity  wltich  chumctvrizcs  sunsation.  Yet 
without  this  quality  the  objective  process  cannot  I)e  a 
sensatioQ.  Kxcln-lc  Fr>-]liii;,  and  Ute  cxcitution  of  tlie 
auditory  organ  wUl  no  moru  yield  the  sensation  of  Sound 
by  ita  reaction,  than  tlto  strings  and  sounding-board  of 
a  piano  when  Uie  keys  are  struck  will  yit'ld  nuiiiic  to  a 
deaf  spectator.  Hence  the  natural  inference  has  Ijgen  that 
inside  Uio  ot^nism  tliere  is  AiuUner:  th«  Soul  is  said  to 
listen,  transforming  excitation  into  sensation.    This  infer- 
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enoe  only  needs  a  more  systematic  iaterpretatinn  and  it 
will  iTproscnt  U>e  biolcgi«aI  tlieoty,  whicli  demaDils  some- 
Uiing  vion  than  tlio  n-action  of  tho  sciisorj-  oigaa  — 
nttioely,  tlie  reactioQ  of  the  whole  orgaoisin  through  the 
MHisory  oTgjBn.  I  niL'sn.  ihut  do  ot};uu  uolated  from  tJie 
OTgaituim  is  capable  of  a  pApguJoffUal  n-iu%ion  —  only 
ot  u  physiocHiheiliicitl  rvaction;  and  sensation  dejiends 
on  (uj  the  physiological  reoctioa.  When  a  sense-oTgan  is 
Stimulatvd,  ihix  »limulatioD  is  a  \'ital  proooss,  and  is  raised 
oat  of  the  class  of  physico^hemical  processes  by  viitae 
of  it«  l)eiug  tlie  indissoluble  part  of  a  complex  whole. 
Interfere  with  any  one  of  the  co-operant  conditions  — 
withdraw  llie  circulation,  check  re-spiration,  disturb  socre- 
tioQ  —  and  the  Hen»:-oi:gan  sinks  from  the  phj'siological 
to  the  physical  state ;  it  may  then  be  brouglit  into 
contact  with  it«  tionuid  stimuli,  but  no  stimulation  (in 
the  vital  sense)  will  take  place,  there  will  be  no  vital 
reaction. 

Condensing  oil  vital  processes  in  the  symbol  Vitality, 
we  may  say  Vitality  is  requisite  for  every  ph^'siolo'gical 
prooess.  A  ]uiralleli3m  may  be  noted  on  tho  subjective 
tide :  all  tho  sentient  processes  may  bo  condensed  in  the 
one  symbol  Sensibility  (Feeling),  and  we  must  then  say, 
Ko  psychological  process  is  possible  as  an  isohited  fact, 
bat  demands  t  he  co-operation  of  others  —  it  ia  a  remUant 
of  all  the  contemporaneous  condittona  of  Sensibility  in 
the  oi^nism.  I  tt  ordinary  language  titis  is  what  tg  meant 
by  saying  that  no  impression  can  become  a  senaation 
witliout  tJie  intervention  of  Consciousness  —  an  ambigu- 
ous phrase,  because  of  the  ambiguity  of  the  tvnn  Con- 
sciousness, but  the  phrase  expres.ses  the  fact  that  in 
Sensation  a  process  in  the  oi^anism  is  necessary  to  tbo 
Maction  of  the  organ. 

82.  Having  recognized  the  distinctioa  between  titu  two 
processes  objective  and  subjective,  phjrsical  and  mental. 
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we  have  recognized  the  vanity  of  attempting  to  assign 
thfiiT  liiuitA,  and  to  say  where  Iktotian  ends  and  Feeling 
begins,  cr  how  Fueling;  it^uiii  ohao;^  iiilo  Motion.     Tlie 


r 

^B         one  does  >wC  begin  where  the  other  ends.     Accortting  to 
r  the  two^ock  tlieory  of  Dualism,  the  two  agmtn  move  oa 

I  parallel  lines.    On  the  theory  of  Monism  the  two  tupeett 

I  arc  thruu<'hont  opposed.     Both  theories  explain  the  Encte; 

D  vhich  explanation  is  the  most  congruous  with  uxpericnceT 

I  Against  the  first  we  may  object  that  tlie  hypotheais  of  two 

L  Agents  utterly  unallicd  iu  nature  wants  the  canlinal  char- 

^H         acter  of  a  fertile  hypothesis  in  iU  unverifiivhlvnc'ss :   it 
^  may  bo  tnie,  wo  can  never  know  that  it  is  true.     By  the 

very  tetras  of  its  definition,  the  Spirit  —  if  that  mean 
more  than  an  abstract  expre»ion  of  sentient  states  —  is 
beyond  all  sensible  experience.  This  is  indoied  ndnutl«d 
by  tlie  dualist*,  for  they  postulate  a  Spirit  merely  because 
they  cannot  otlierwiae  explain  the  phenomena  of  Con- 
sciousness. Ucn-in  they  fail  to  see  that  e\'en  their  pos* 
tulate  brings  no  explanation,  it  merely  restates  the  old 
problem  in  other  t^rmg. 

33.  Up  to  tlie  present  timo  these  same  objections  might 
have  been  urged  with  equal  force  against  Monism.  In- 
deed, iillhuugh  niiiny  philosophers  have  rejected  Ihu  two- 
dock  theor)'  of  Leibnitz,  they  have  gained  a  venr'  hesitat- 
ing aooeptanoe  for  their  own  hypothesis  of  identity.  To 
most  minds  the  difficulty  of  imagining  how  a  physical 
process  could  abo  he  a  psychical  proccs-t,  a,  movement  also 
be  a  feeling,  seemed  not  less  than  that  of  imaf^iniug  how 
two  each  distinct  Agents  as  Matter  and  Mind  could  co- 
operate), and  react  on  eaoh  other,  or  move  simullaoeously 
on  parallel  Unes.  Although  for  many  years  I  haru  ac- 
oqrted  the  hypothesis  of  Monism,  I  have  always  recog- 
niiced  its  waat  of  an  adequate  ruply  to  such  objections. 
Unless  E  greatly  deceive  myself,  I  have  now  found  a  solu- 
tion of  tlie  main  difficulty  ;  and  found  it  iu  psycholo^'ical 
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conditioos  wkicb  are  pt-ifoctly  intelligible.  But  kuowiog 
how  easily  one  may  deceive  one's  self  in  such  mott^ra,  1 
will  «ily  ask  llic  reader  to  ioeditat«  witii  opcD-miiidvd- 
ovsa  ll>c  cuD.-fidemtious  now  to  tie  laid  before  bJiQ,u>d  see 
if  be  can  feel  tba  same  confidence  in  tbctr  validity. 

34.  Uue  of  tlie  early  stages  iu  the  development  of  Exp&- 
riei>c«  is  tlio  sepanition  of  Self  from  tha  Kot-Sclf.  I  look 
out  on  "  tlie  vast  extern  of  ihings,"  and  see  a  great  vaiie^ 
of  objects,  includixl  in  a  visible  licniisplwrc.  All  these 
objects  iu  various  positions,  baving  various  forms  and  col- 
ors, 1  believe  to  be  wlioUy  detached  from,  and  in  every 
'way  unaltied  to.  Myself.  And  wliat  is  that  Self?  It  is 
my  Body  as  a  visible  um)  uingible  objcict,  ae]>aTated  from 
all  otber  visiles  and  tangible  obJvct«  by  tbe  ugiutant  pres- 
ence of  feelings  connected  with  it  and  its  movements,  and 
not  cufiiiectod  with  tbe  oUier  objects.  Jim  constant  pres- 
enco  of  feelings  is  refertL'd  to  a  Soul,  wbicb  I  tben  sepa- 
rate from  my  Body,  ua  an  Inner  Self;  and  from  tbis  lime 
ontrards  I  speak  of  the  ICody  as  mtiM,  and  learn  to  iv;;nrd 
it  in  much  Die  same  light,  as  other  outer  objecu.  In  my 
naive  judgment  the  external  objects  are  supposed  to  exist 
at  I  see  and  touch  them,  wItetJier  I  or  any  one  else  see 
and  touch  them  or  not:  they  in  no  si-n»c  belong  to  the 
series  of  feeling  which  constitute  the  Me.  And  sine* 
tny  Body  re-sembles  thesis  objects  in  visible  and  tangible 
qualil ifs.  and  aUo  in  being  cxtcnial  to  my  feelings,  it  also 
takea  its  place  in  the  objective  world.  Tbns  arises  the 
hypothesis  of  Dualism  which  postulates'  a  Phyitis,  or  ob- 
ject-world, and  an  ^sIIimU,  or  subject-world :  two  inde- 
pendent existents,  one  contemplated,  the  other  contem- 
plating. 

35.  riiilosophy,  as  we  know,  leads  to  a  complete 
reversal  of  this  primitive  conclusion,  and  shown  Uiat  the 
coKtrmi>iaitd  is  a  tyntJtmx  of  rontemplationt,  tiio  Pliysia  be- 
ing R^  the  .^Istliesia.    Fsycholi^ical  investigation  shows 
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it  the  objects  suppoaed  to  Aaw  foniu,  colore,  and  iKwi* 
tions  within  an  vxteniul  licinispbcre,  bave  thi>H]  oulj'  in 
virtue  of  tbe  very  feeling  from  whicb  tbey  are  au|ipt)»e(l 
to  hti  separated.  Th«  vitihU  xiaivvnc  uxisU  only  as  utn: 
tbe  objects  are  ItenU  conditioned  by  tJie  laws  of  Senai* 
bility.  The  apace  in  wbicb  we  see  them,  their  i^c-oinet- 
rical  relations,  the  li^lit  and  shadows  wliicb  reveal  tlieiii, 
tbe  forms  tliey  alTect,  the  lines  of-  Ibuir  cliunging  direc- 
tions, the  qualities  which  disUn^iab  them,  —  all  these 
are  but  tlie  externally  projected  signs  of  feeling.  They 
are  signs  which  wc  intcqiret  acix>rding  to  organized  laws 
of  experience ;  each  sign  being  itself  a  feeling  connected 
witli  other  feolinga.  We  project  them  outside  according 
to  the  "  law  of  eoeenlric  projection  "  —  which  is  only  the 
expression  of  the  fact  that  ooe  feeliuj;  is  a  sign  of  some 
oUier.  and  is  thereby  ideaili/  dHach&l  fhim  iL  According 
to  this  law  I  say.  "my  Body";  Just  as  I  say,  "my 
House";  or,  "my  rroperty."  Mi.sled  by  this.  Dualism 
holds  that  in  the  very  fact  of  detaeliiug  my  Body  from 
my  Self,  calling  it  winw,  is  the  revelation  of  a  distinct 
entity  within  the  body.  But  Ibiit  this  is  illnsory,  tipiiears 
ia  the  application  of  tliis  same  law  of  eccentric  projection 
to  sttnstttione  and  tbotights,  which  are  rnlled  mine,  as  my 
legs  and  arms  are  mina  If  it  is  umlcuiuble  that  I  say 
my  Hody  —  and  thus  ideally  detach  tbe  Body  from  the 
Soul  —  it  is  equally  uudeiiiuhle  that  I  «ay  my  Soul ;  and 
from  wliat  ia  the  ^^oul  detached  ?  In  presence  of  ibis 
(lifficidty,  the  metaphysician  may  argue  that  neither  Body 
uoT  Soul  can  be  coextensive  witli  its  manifestations,  but 
(leniands  a  iioumenal  Keal  for  each  —  mtithilralum  tor  the 
bodily  man il<estat ions,  and  a  suhstrafum  for  tbe  mental 
maaifeatations.  This,  however,  is  an  evasion,  not  a  solu- 
tion of  the  difRculty.  If  we  posliiUto  an  unknonni  and 
unknowable  noumeoon,  we  gain  no  insight :  first,  because 
Philosophy  deals  only  with  the  known  functions  of  un- 
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known  quantities,  nnd  therefore  leaves  tite  z  oat  of  the 
calculation;  aecomlly.  l)oi:aiiw,  gruiiliiitt  tlie  existence  of 
tbfise  nouinena,  we  can  h»ve  no  niLionitl  grounds  for 
asscTtitig  that  they  arc  not  of  one  and  t!ie  same  nature ; 
for  we  Itave  no  grounds  for  an>/  assertion  vh&t«ver  alxnit 
th«in.  jVnd  if  it  \>v  urged  against  this,  that  Conscioos- 
neas  testifies  to  a  distinction,  I  answer  that  mi  a  closer 
scrutiny  it  wit)  be  found  to  testify  to  nut)iin<;  more  tltaa 
a  divi?rsity  of  manifostation.  All  therefoi^  that  comes 
within  iho  range  of  knowledge  is,  How  does  this  diveiiitty 
atiwl 

36.  There  are  two  ways,  and  there  are  only  two,  in 
which  differencos  ari*;.  These  are,  1*,  the  modts  of  pro- 
duttion  of  a  product,  and,  2°.  our  moda  o/  apprthtmion  of 
tJie  product  Things  nmy  be  very  difibrent,  and  yH  to 
our  apprehension  indistinguishable,  so  that  we  regard 
them  as  identical ;  and  Uiey  may  he  identical,  yet  appear 
utterly  unlike.  A  mechanical  hird  may  seem  so  like  a 
living  bird,  and  their  actiona  so  indiatinguishabin  to  the 
apoclatcr,  that  be  will  not  suspect  a  difference,  or  suspect- 
ing it,  will  not  \m  able  to  specify  ic  Of  boUi  objects,  so 
long  us  his  modes  of  apprehending  them  are  cjrcnmscribed, 
he  can  only  say  what  those  imply :  he  sec?  familiar  forms, 
colors,  and  movements,  which  be  interpret  according  to 
the  previous  experiences  of  which  lltcse  are  the  signs, 
But  by  varying  the  modes  of  apprehension,  and  gaining 
thus  a  fuller  knowledge,  he  Rods  that  the  two  pnidiicts 
have  very  different- moiled  of  production  ;  hence  he  con- 
eludes  the  products  (o  be  different :  the  mechanism  of  the 
one  is  not  the  organism  of  the  oilier ;  the  actions  of  the 
mechAnical  bird  are  not  the  actions  of  Ihe  living  bird. 
The  fiillvr  knowledge  hoa  been  gained  by  viewing  the  ob- 
jecbi  under  different  relations,  and  contemplating  them  in 
thtir  modes  of  production,  not  as  merely  visible  products. 
B«  wes  the  mechanism  perfonuing  by  steel  qptings. 
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vhwU,  sod  Vint,  th«  work  which  thfl  oivanism  peribrma 
hy  borii.-»,  moMles,  aod  iie^rv^t ;  and  Uiu  farlhvr  hi&  auot- 
ysis  of  the  modes  of  production  is  carried,  the  greuuir  on 
the  ilifTt^rencea  which  tie  apprelienda. 

'37.  Kow  consider  tho  oUier  side  One  and  th«  same 
oiject  will  necessarily  present  very  different  usjKicls  under 
different  subjective  conditions,  sincv  it  is  that  which  d«- 
teimine  the  aspect.  The  otjject  cannot  be  to  Sight  what 
it  is  to  Ilwuiitg,  to  Touch  what  it  is  to  HmvH  The  vilira- 
tiiMU  or  a  ttining-t'ork  are  seen  as  movements,  liuurd  as 
sounds.  In  current  langiia^e  tbe  vibratiotid  ore  said  u> 
cause  lite  sounds.  lliiiluiJ  by  litis,  philosophers  puxzlo 
tbemselvea  as  to  bow  a  uuitcriut  process  (vibration)  can 
be  tiansforroed  into  a  mentiU  prucvss  (scnsaUtm),  )iow 
sticli  a  cause  can  have  so  utterly  diSerent  an  eflect.  But 
I  have  Toruki^rly*  argued  at  3om«  lerigtii  that  there  is  no 
tiansfonnation  or  causation  of  the  kind  supposed.  Tbe 
tuniug-fork  —  or  that  lioal  which  in  relation  to  Sense  ia 
the  particular  obji^t  thus  named  —  will,  by  one  of  its 
modes  of  acting  on  my  Sensibility  through  my  optical 
apparatus,  determine  the  mspnnse  known  as  I'ibratioiM  ; 
but  it  ia  not  thi.s  responno  of  the  optical  or,iao  which  is 
transformed  into,  or  causei  the  response  of  the  auditory 
organ,  known  m  sitnrul,  TIic  auditory  organ  knows  noth- 
ing of  vibrations,  the  optip.il  nothinj;  of  sounds.  The 
reaponsea  are  both  modes  of  Feeling  detfrniinf-d  \>y  or- 
ganic conditions,  and  represent  the  two  different  relations 
in  wbi(?h  the  Keal  is  npprehendnd.  The  lU-nl  is  alter- 
nately th«  one  and  tho  other.  And  if  the  one  mode  of 
Feeling  haa  a  physical  significance,  while  the  other  lias  n 
mental  significance,  so  that  we  rcgnnl  the  vibrations  na 
objective  facts,  fjclonging  to  the  external  world,  and  the 
sounds  a.i  subjective  facta,  exclnsively  belonging  to  tlie 
internal  world,  this  is  duo  to  certain  psychologiral  infln- 
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cuces  presently  to  be  expounded.  Meanwhile  let  lu  fix 
clearly  iu  our  minds  tliut  bolli  vibrutiou:*  and  douikIs  are 
modes  of  Feelmg.  My  consciousness  plainly  assures  mc 
that  it  i»  1  wlio  sL-u  llie  one,  and  bear  the  other ;  not  that 
there  are  two  distinct  subjects  fur  the  two  difitiuct  feel- 
ing Add  to  which,  manifold  uncontr,ulicted  experiences 
assure  me  (bst  tlie  occHsiuiml  cause  —  the  objective  factor 
—  of  the  one  feeling,  is  also  tlte  cause  of  thv  other,  and 
not  that  the  two  feelings  liavc  two  dlSeiBnt  occasional 
causes.  From  both  of  these  undeniable  facti  wc  must 
conclude  thut  the  differenoc  f«lt  is  simply  a  diBerence 
of  aspect,  determined  by  some  dilforence  in  the  modes  of 
apprehension. 

38.  Assuming  then  that  a  mental  process  Is  only  an> 
other  aspect  of  a  physical  process  —  and  thu  wo  shall 
find  the  more  probable  hypothesis  —  we  liave  to  explain 
by  what  influences  tliese  diametrically  opposite  aspects 
are  dot«rmined.  From  all  that  lias  just  beeji  said  we 
most  seek  these  in  the  modes  of  apprehension.  There 
can  be  no  doubt  that  we  express  the  fact  in  very  dill'erent 
terms ;  the  question  is,  Wiiat  do  these  terras  signijij  f 
Vfhy  do  we  express  one  aspect  iu  tvrius  of  Matter  and 
Ho^OD,  assigninjj  the  process  to  the  objective  world;  and 
the  other  aspect  in  terms  of  Feeling,  assigning  the  process 
to  Uio  subjective  world  f 

Let  the  example  chosen  bo  a  logical  process  as  the 
mental  aspect,  and  a  uouml  procesa  as  its  physical  cone- 
lat«.  The  particular  proposition  may  be  viewed  logically, 
as  11  grouping  of  experiences,  or  physiologically,  as  a  group- 
ing of  neural  tiemore.  Hero  we  have  tlie  twofold  aspect  of 
one  and  the  same  reality ;  and  these  different  aspects  ore 
expressed  in  different  terms.  We  cannot  be  too  rigoroua 
in  our  separation  of  the  terms;  for  every  attentive  student 
must  hove  noted  how  frequently  dLicussioos  are  made 
turbid  b}'  the  nncouscious  is}i\fting  of  terms  in  the  couno 
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of  As  Argtmienbvtioii.  This  is  not  only  the  mistake  of 
opponeota  who  are  unaware  of  the  sliiftin^  wlijch  lias 
ocenrred  in  each  oUier's  mindH.  sa  that  praciicaUy  the 
adversark's  <lu  not  meet  on  common  ground,  but  cross 
and  recross  each  other;  it  is  also  Uio  mistake  of  the  soli- 
tary thinker  losing  himself  in  the  maze  of  interlacing  con- 
cepUona  instead  of  keeping  steadily  to  one  patli.  Only 
by  such  sliifliiig  of  terms  can  the  notion  of  the  phyaicnl 
process  causing,  or  heing  tmnformed  into,  th«  mental 
piocess  for  a  moment  gain  credit;  and  this  also  greatly 
sustains  the  hypothesis  of  Dualism,  with  its  formidable 
objections  :  tlow  can  MatLcr  tliink  ?  How  can  jtlind  act 
on  Matter  causing  Motion! 

39.  Tliose  who  rccognixed  that  the  terms  Matter  and 
Hind  were  abstiactiona  mutually  cxdusivo,  sow  at  once 
that  thi!se  ({uaitions,  instead  of  being  formidable,  were  in 
truth  irrational.  To  ask  if  Matter  could  think,  or  Mind 
move  Matter,  was  a  confusion  of  sjinbul-t  cquiralcnt  to 
apeakinj^  of  a  yard  of  Hope,  and  a  ton  of  Terror.  Al- 
though Mciii«ure  and  Weight  are  symbols  of  Feeling,  and 
in  /Aw  respect  are  on  a  pur  with  Hope  and  Terror,  yet 
because  they  are  objective  symbols  they  cannot  be  ap- 
plied to  Kubjoctive  states,  without  violation  of  tJie  very 
significance  they  were  invented  to  expres-s.  No  one  o\'er 
osbt  whether  a  sensation  of  -Suuitd  am  be  a  sensation  of 
Color ;  nor  whether  Color  can  move  a  machine,  although 
Heat  can,  yet  the  one  is  no  lc#s  a  sensation  ttian  the 
other.  On  similar  groonds  no  one  sltould  ask  whether 
Matter  can  think,  or  Mind  movo  Matter.  The  onlv 
mtional  question  is  ouo  preserving  the  integrity  of  the 
terms,  namely,  whetlier  the  living,  thinking  organism 
presents  ilself  to  apprehension  under  the  twofold  aspect 
—  now  noder  the  modes  of  Feeling  classified  as  objccUvo 
or  physical ;  now  under  the  modes  classified  as  subjective 
or  mcataL 
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40.  We  ftj«  told  that  it  is  "  impossible  to  imsgine  Matter 
thinking,"  which  is  vvry  true ;  only  by  a  gross  wnfusion 
of  terms  can  Thought  be  called  a  property  of  cervbnd 
tissue,  or  of  &bttt«r  Bt  alL  We  may,  indveO,  i>cnotnite 
beneath  the  terms  which  relate  to  upect£,  and  reco^iiize 
in  ihct  uitderlying  reality  not  two  existenci:^  but  one. 
Our  conception*  of  this  reality,  however,  nro  expressed  in 
ayoibola  representing  different  dasaes  of  feelings,  objec- 
tive and  subj<-ctivc ;  and  to  employ  the  Ic-rins  of  une  dasa 
to  designate  the  conceptions  of  the  other  is  to  frustinte 
the  very  purposes  of  longnage.  Matter  and  Mind,  Ob- 
ject and  Subject,  ate  abstractions  from  sentient  ex]N>ri- 
vnccH.  We  know  thuni  as  ub»tmclions,  and  kimw  the 
concrete  experiences  from  which  tliey  are  abstracted. 
Pliilosophers.  indeed,  TepeaU.-dly  assure  us  tluit  we  neither 
know  what  Matter  is  nor  what  Mind  is,  we  only  know 
tin)  pJunommal  products  of  the  Bctiou  and  reaction  of 
these  two  unknown  noumcna.  Were  this  .«o,  all  dis- 
cussion would  lie  idle  ;  we  could  not  say  whetlier  Matter 
was  or  was  not  capable  of  thinking,  whether  Mind  was 
or  was  not  the  same  a.s  Matter,  ve  could  only  al»tain 
fVom  saying  anything  whatever  on  tho  topic.  What 
should  we  reply  to  one  who  a.skcd  as  to  name  tJic  pro- 
duct of  two  unknown  quantities  ?  So  long  as  x  and  y  are 
without  values  their  product  must  l>u  without  valu&  If 
the  \'aluc  of  j;  be  known,  and  that  of  y  unknown,  then 
tho  product  still  remains  unknown :  x  +  ;f  —  r  +  o  =  x. 
Tlierefore,  unless  the  Objective  aspect  were  the  eq^nrtdeHt 
of  the  Subjective  aspect,  it  could  never  be  subji^ctirely 
present.     Feeling  is  but  another  as^tect  of  the  FelL 

41.  It  is  became  we  do  know  what  Matter  is,  that  wc 
know  it  is  not  Mind :  they  are  symbols  of  two  different 
modes  of  Keeling.  If  we  separate  tho  conception  of  cit- 
izenship from  the  conception  of  fatherhood,  idtliongh  the 
eaine  man  is  both  citizen  and  father,  how  much  more 
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decisively  nmst  wc  gcpftraUi  lh«  conception  of  Matter, 
which  represents  one'  group  of  feelitiga,  from  the  concei>- 
tion  of  Mind,  vrhicli  represents  another  ?  Ont;  element 
in  the  former  is  common  to  the  whole  group,  namely,  the 
reference  to  n  Not-Self,  induced  by  the  sensation  of  He- 
distance,  which  always  ideally  or  stnaibly  acconipnnies 
the  nialurial  ciiiss.  Tlie  axiom,  I  feel,  trgo  I  cxiat.  has 
its  correlative:  —  I  act,  rrgo  there  are  other  existents  on 
which  I  net  J  anil  these  are  not  wholly  Me,  for  they  re- 
sist, oppose,  (;xciudc  me ;  yet  they  are  also  one  with  Me, 
since  they  are  felt  by  me.  In  my  Feeling,  that  which 
is  not  Me  is  Mutter,  the  objective  aspect  of  the  Felt,  as 
Mind  i^  the  »ii\)jective  aspect. 

But  since  Hunf^'r  and  Tliirst,  Joy  and  Grief,  Tain  and 
Terror,  are  ftlso  fdt,  yet  are  never  cla-ssed  under  the  head 
of  Matter,  the  grounds  of  the  classification  of  feelings 
have  to  be  expressed.  Professor  Bain  makes  the  dutinc- 
tioD  between  Matter  and  Mind  to  rest  solely  on  the  prea* 
enoo  or  absence  of  Kxtenaiou :  this  ia  the  decisive  mark : 
Matter  he  dciincs  as  the  Extended.  The  definition  is  in- 
adequate. When  1  see  a  dog  and  its  image  vfitlected  in  n 
pool,  or  see  a  doj^  and  think  of  another,  in  the  three  cases 
dog,  image,  and  idea  have  Extensifin  ;  but  I  recognize  the 
dog  as  a  miitcrial  fact,  the  idea  as  a  mental  fact;  and 
although  the  image  of  the  duj-  lifw  material  conditions  by 
which  I  am  optically  affected,  just  as  the  idea  has  ma- 
terial cerebiHl  conditions.  I  recognj^^e  a  marked  difference 
between  them  and  the  dog,  duo  to  the  different  modes  of 
apprehension.  The  dog  is  known  as  a  persistent  reality, 
which,  when  Sight  is  supjileniDnted  by  Touch,  will  j-ield 
sensations  of  Resistance,  and  tlius  disclose  its  materiality. 
The  image  vanishes  if  I  attempt  to  touch  it;  I  see  its 
outlines  waver  and  Viecome  confused  with  every  disturb- 
ance of  the  surface  of  the  pool ;  the  idea  vanislies  when 
another  idea  arises ;  whence  I  conclude  that  oeitlier  has 
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loaterial  realit;.  I>ecau8e  neiUier  has  the  Resistance  whiclt 
characterizes  th«  Noc-Solf.  The  imii^  aod  the  idea  nay 
Im  refetred  to  material  conditioiu,  but  so  may  pains,  t«T^ 
rore,  ^-olitioDS.  ycl  these  arc  all  without  Kxt«naion,  simply 
becaitae  they  are  not  visual  fecliu^. 

43.  flatter  does  not  represent  all  feelingn,  but  only  tiw 
objective  sensibles;  and  tJiese  am  not  all  chaTactvTtzed 
liy  Rxtciisiou,  but  only  tlioae  which  dirtctly  or  indiivctly 
involve  optico-tacUcal  experiences  uocompanicd  by  mus- 
eular  experiences.  Matter  is  primarily  the  Visible  ami 
Iteststent;  and  secondarily,  whatever  can  be  iniiiginwl  as 
such ;  80  that  ether,  molecules,  and  atom^,  alliioiigU  nei- 
ther visible  nor  tangible,  are  raugod  under  the  head  or 
Uatter.  Color  is  a  reeling  as  Sound  and  Scent  are  feel' 
tngs,  and  although  utateriol  conditions  are  equally  prcsup- 
posed  in  all  three,  yet  Color  alone  lias  Extension,  and  be- 
cause it  can  bo  imaged  it  has  a  more  objective  cborsoter 
than  the  others,  which  ha\'ing  no  lines  and  eurfaoes,  vant 
the  optical  coiiditious  for  the  funnalion  of  images,  and  aro 
less  definitely  connected  with  tactical  and  muscular  expe^ 
rienoea.  Kevcrtheloss,  since  Sound  tind  Scent  are  obvi- 
oosly  associated  witli  objects  seen  and  touched,  they  have 
a  degree  of  materiality  never  aligned  to  such  feelings  as 
Hunger  and  Thirst,  Pleasure,  Terror,  and  Hope. 

43.  \Vhen  we  refor  feelings  to  material  conditions,  we 
follow  Uio  natural  tendency  to  tianslate  the  little  known 
in  t«rins  of  the  better  known,  and  employ  the  symbols 
^fatter  and  Motion,  because  these  funiLih  the  intellect 
wiUi  images,  L  c.  definite  and  exact  elements  to  operate 
with.  In  hearing  a  aownd,  there  is  nothing  at  all  like 
"vibrations,"  nothing  like  "aerial  waves"  and  "neural 
processes,"  given  iti  that  feeling;  but  on  attempting  to 
etj^in  it,  wo  remove  it  from  the  apliere  of  Sensation  to 
cany  it  into  the  sphere  of  Intollecl,  and  wo  must  change 
our  symbols  in  elian^ng  our  problem ;  here  our  only  re- 
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source  ia  to  transUte  the  snbjectivc  state  into  *n  imagi- 
nahle  objective  process,  which  can  only  be  expressed  hi 
terms  of  Matter  and  Motion.  What  wc  luard  at  Souiid 
is  then  tren  as  Vibmtiou.  When  we  are  optically  or 
tneu tally' contemplating  vibratiflnn  and  ncuntl  ]irucL-ssf8, 
we  are  supplanting  uno  source  of  feeling  by  another, 
translating  an  event  in  another  set  of  aymboK  Hut  we 
can  no  more  bear  the  sound  lu  seeing  the  vibrations, 
than  a  blin<l  man  can  see  the  fly  in  the  amber  which  he 
feels  with  his  lingi:ns  or  tUnu  wo  can  feul  lliu  amber  ho 
holfln,  whilta  we  are  only  looking  at  it  The  phrase  "  ina- 
tcTial  conditions  of  Feelii^"  sometimes  destgnalcs  the 
objective  aspect  of  the  subjective  process,  and  sometimes 
the  l^encies  in  the  external  medium  which  co-operui« 
with  the  organism  iti  iht;  production  of  tlio  feelings.  In 
each  case  ttiere  ia  an  attempt  to  explain  a  feeling  by  in- 
telligible symbols. 

44,  The  Animal  probably  never  attempts  such  expla- 
nation; satisfifd  with  the  facts,  it  is  careless  of  their 
factors.  Man  is  never  satisfied :  is  restless  in  the  search 
nft^'r  factors ;  and  having  found  them,  seeks  factors  of 
these  factore;  so  that  Lichtenberg  felicitously  calls  him 
" das  rattlott!  Vr^ehentkier"  —  "the  animal  ontiring  in 
the  search  for  causes,"  And  tlins  sciences  arise:  we 
translate  experiences  into  geometrical,  physical,  chemical, 
physiologiwd.  and  psychological  terms  —  different  sym- 
bols of  the  different  modes  of  apprehending  phenomena. 

45.  "I  see  an  elephant,"  In  other  words,  I  am  af- 
fected in  a  certain  way,  and  interpret  my  affection  by  , 
previous  similar  experiences,  expressing  these  in  verbal 
symbols.  But  I  want  an  explanation,  and  this  tim  phi- 
losopher vouchsafes  to  me  by  translating  my  affection 
into  his  terms.  He  takes  inc  into  another  sphere  —  tells 
me  of  an  umlolating  Ether,  the  waves  of  which  beat 
Dpon  my  retina  —  of  lines  of  Light  refracted  by  media 
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nnd  converged  by  lenses  acconlinjj  t«  geometric  Uw«  — 
of  the  fonnation  thereby  of  a  tiny  imagfl  of  tlie  gigantic 
cleplilUBt  on  my  i«tion  as  on  tlie  plate  of  a  camem- 
obecura — thU.  and  much  more,  is  what  A«  sees  in  mjr  Tta- 
iial  feeling,  and  he  bidt  me  see  it  also,  (imteful  for  U>c 
novel  instruction,  I  am  compclloil  to  say  that  it  docs 
not  alt«T  my  vision  of  the  elephant,  does  not  make  the 
fact  n  wliit  clearer,  doe»  not  iiidet^l  correspond  with  wliat 
I  feel.  It  is  outside  icnovrlcdge,  valuable,  as  all  knowl- 
ciff!  i»,  hut  9up])li;iiieRtary.  It  ii  translation  into  another 
language.  And  when  I  come  to  examine  the  trat»Iation, 
I  fiiid  it  very  iin|ierfect  I  ask  my  iiistnictor:  Is  it  tlie 
tiny  image  on  my  retina  which  I  sec,  and  not  the  big 
elephant  on  the  grass  ?  And  how  do  I  see  this  retinal 
image,  which  you  explain  to  be  upside  down!  —  how  is 
it  carried  from  my  retina  to  my  ntind  ?  I  Iiave  no  con- 
sciousness of  liny  reversed  imi^,  none  of  my  retina, 
only  of  a  fact  of  feeling,  which  I  call  "seeing  an  ele- 
phant." The  camcia-ubscura  has  no  such  feeling  —  it 
reflects  the  image,  it  does  not  sec  the  object.  Here  my 
instructor,  having  reached  the  tttnit  of  his  science,*  hands 
in«  over  to  the  piiysioloyist,  who  will  translate  the  fact 
for  me  in  terms  not  of  Goomctry,  but  of  Anatomy  and 
Physiology-  The  laws  of  Dioptrics  cease  at  this  point: 
the  image  thi^y  help  to  form  on  the  retiuu  is  ruthlessly 
dispersed,  and  all  its  bcsmtifHl  geometric  construction  is 
lust  in  a  neural  excitation,  which  is  transmitted  through 
semifluid  channels  of  an  optic  tract  to  a  semifluid  gan- 
glion, whence  a  thrill  is  shot  through  the  whole  brain, 

*  ■'  The  relioal  iiniigs  ii  tli#  I*al  «IIM  Itnown  of  tho  action  of  «b}Mta 
on  lis;  what  ImppriiK  Iiryonil  the  rrtlna  wr  know  nat;  oar  knawl«dga 
of  the  ol(i«tivt  [ii«r>rM  hiisiit  pnafSt  here  iu  limit."—  Ewalp  Hekiko, 
StitrO^  3UT  PkyiioliKjit,  IS63,  ]>.  IflO-  That  b  to  n^,  no  1mt«  ■  ddi- 
iiil*  Imitlklinn  nf  thit  proom  In  xfonKtric  tcrtna  u  Ikr  w  thr  retina,  uid 
thenc*  oRwanl*  QMmctt]r  fail*  lu.  Hiil  lieiirolc^  Mud  rtTcbologr  *** 
iaroked. 
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fttitl  is  there  tntn^ormtd  into  a  visual  sensation.  Again 
I  fancy  I  have  {;aincd  novel  instruction  of  a  valuable 
kind ;  but  it  does  not  affect  my  orisinal  expLTitncc  that 
I  urn  vnablvil  to  irauAlate  it  into  dilTerent  tcnna;  Uia 
lees  80  because  i  cannot  help  Uio  conviction  that  the 
tnuulation  is  imperiect,  leaving  out  the  essential  points. 
If  a  phrase  be  translated  for  ine  into  French  or  German, 
1  gain  thereby  an  addition  to  my  linguiatic  knowledge, 
but  the  oxpt-'rienco  thus  varionsly  expressed  reniniiis  iin- 
afibcted.  Svhen  the  fact  is  expressed  in  geometrical  or 
physiological  terms,  tlie  psi/ehifal  proceia  finds  no  ade- 
quate expression.  Neitlier  in  the  details,  nor  in  the 
totals,  do  I  recognize  any  of  the  ([uahties  of  my  state  of 
feeling  in  seeing  the  ek-phnnt.  I  do  not  sec  the  geomet- 
rical process,  I  do  not  sra  the  anatomical  mechanism,  I 
see  th«  elephant,  and  am  conscious  only  of  that  feeling. 
You  inny  consider  my  organism  geometrically  or  aotttoiui- 
cally,  and  bring  it  thus  within  the  circle  of  objective 
knowledge;  but  my  subjective  experience,  my  ^pirituol 
exlsleDco,  that  of  which  I  nni  most  deei)Iy  iL8§ured,  de- 
mands anotlier  expression.  Nay  more,  on  closely  scni- 
tiuizing  your  objective  explanations,  it  j»  evident  that  a 
psychical  process  is  tm/i^ied  throughout  —  sncb  terms  a.i 
undulations,  refractions,  media,  lenses,  retina,  neural  ex- 
citation, overtly  refer,  indeed,  to  the  material  objective 
a.ii>ect  of  the  facts,  but  they  nre  thoni-telves  the  modus 
of  Keeling  by  wiiich  the  facts  are  apprehended,  and  would 
not  exist  aa  »ueh  without  the  "  greeting  of  the  spirit." 

40.  Wlintv  then,  is  our  conclusion  I  It  is,  that  to 
make  an  adei|uate  explanation  of  psychical  processes  by 
niatorial  conditions  wo  must  first  establish  an  equiva- 
lence between  the  snbjective  and  objective  aspects;  and, 
having  taken  ibis  step,  we  must  complete  it  by  showing 
wherein  the  dtfferencs  exist«;  havir^  established  this 
entity  and  diversity,  we  have  solved  tlie  problem. 
17* 
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Lot  OS  oUeinpt  this  Mlotion.  Wben  I  speftk  to  yon, 
tlie  spolten  words  are  th«  Muuc  to  you  luid  to  id«.  You 
bear  what  1  bear,  you  appreliend  wbat  I  apprebeod.  ilal 
then  were  tnuscular  movements  of  aiticuLuion  felt  by 
me  and  not  felt  by  you ;  to  feel  tfacae  yoa  abo  most 
articabitc  tiie  wotds ;  but  ao  long  aa  you  merely  hew 
the  words,  there  is  a  differcnoe  in  our  states  of  foeliog. 
Some  of  my  movemeots  you  cui  we,  otbe»  yoa  cad  im> 
agine ;  but  tfaU  is  oot  nir  f«cliR<^  of  ttiem,  it  ii  your 
optical  equivslent  of  my  muscular  feeliog.  Od  a  MwiiUr 
>S8t]n]pticHi  of  cquivalviK-«,  n  nvtinil  prooes*  is  made  to 
ctaod  for  a  logu»l  procesa  lu  tbioking  a  propoutUni, 
we  arc  logicftlly  grouping  verbal  symbols  representative 
of  sensible  experiences ;  aiul  this  is  a  quite  peculiar  state 
ot  Cotisciousoess,  wholly  unlike  what  would  arise  in  tlie 
mental  or  vUoal  cuntcmplutian  of  the  ucural  grouping, 
which  is  its  physiological  equivalent  But  this  diversity 
iXoea  not  discredit  the  idea  of  tbeir  identity;  and  al- 
thoTigb  8<;iue  of  my  readers  will  protest  againsl  such  au 
idea,  and  will  affirm  that  the  logical  process  is  not  a 
process  takii^  pluca  in  the  oiganism  at  all,  but  in  a  «pirit 
which  uses  the  onanism  as  its  iostramentv  I  must  be 
allowed  in  this  exposition  to  consider  the  identity  estab- 
lished, my  purpose  leing  to  explain  the  diversity  necea- 
•arily  accompanying  iL  TiK-rcfore,  I  say,  that  nltboii^ 
a  k^cal  process  is  identical  with  a  neuiul  process,  it 
must  appear  diffeienlly  when  the  modes  of  apprehending 
it  arc  diflvrvnt.  While  you  arc  thiukin<!  a  logioal  p^'>po- 
sition,  grouping  your  verbal  symbols.  I,  who  mentally 
Me  the  process,  am  grouping  a  totally  difTeient  set  of 
symbols :  to  yoa  the  proposition  is  a  subjective  state,  L  C. 
a  ttaU  of  feeling,  not  an  cltftet  of  feeling :  to  become  on 
object,  it  must  be  apprehended  by  objective  modes:  and 
this  it  can  beconw  to  you  as  to  me,  when  we  see  it  as  a 
process,  at  imagine  it  as  a  proeeao.    But  obviously  yoor 
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state  in  seeing  or  iiaagiuiDg  tbe  procesa  must  be  (Uflereiit 
from  }-our  »tate  ulien  the  process  itself  is  posting,  gloce 
tbe  modes  vf  aiipn-buiisiuu  uru  so  diiTerviii.  Tliere  may 
he  every  grooiid  for  concluding  that  a  logical  procaM  hu 
it»  correlative  physical  prui-vss,  and  that  tlic  two  processes 
are  merely  two  aspects  of  one  event ;  bat  because  wc 
cannot  apprehend  tlio  oiie  aspect  ns  we  apprcbeud  tbe 
other,  cannot  ste  tbe  logical  Hcquence  as  we  ste  the  physi- 
cal sequence,  this  difference  in  our  modes  of  appmhcDsioii 
oompda  us  to  seputate  tti«  two,  assigning  one  to  tJie  sub- 
jective, tlie  other  to  the  objecvive  class.  Between  tbe 
sensible  perception  of  an  objucl  and  the  reppodaced  image 
of  the  object  there  is  cbietly  n  qiiantiuitive  difTerence  in 
the  pb3rsioli:^cal  and  psychological  pxoccsees :  tlio  imago 
is  a  &iQt  aansation.  Yet  this  quantitative  difference 
btinga  irith  it  tlie  qualitative  diatinclioii  wliicb  is  Indi- 
cated in  our  calling  the  one  a  aeasation,  tlie  other  a 
thought.  The  consequence  lias  been  tbut  wiiilu  all  pbt- 
losophera  have  admitted  tbe  sensation  to  be  —  at  least 
partly — a  process  in  the  bodily  orf^anism,  tlio  majority 
have  maintained  that  the  thought  is  do  such  process  in 
the  oigmitsm,  but  bos  its  seat  In  a  spirit  independent  of 
the  organism. 

47.  Tbe  Btattn  of  Feeling  which  are  associated  witli 
other  states  cbaracterixed  as  objective  because  overtly 
referring  to  a  Xot-Self,  wo  group  under  t]>e  liead  of  Mat- 
ter: wo  assign  material  conditions  as  their  antecedents. 
Whereas  stntes  of  Feeling  which  are  not  thus  associated 
we  givup  under  the  bead  of  Mind,  und  aasigii  internal 
conditions  as  tbeir  antecedents.  Color  and  Tast«  aie 
very  different  states  of  Foeling,  yet  both  arc  epontane* 
ously  referred  to  external  causes,  because  they  are  asso- 
ciated wiUi  visual  and  tactical  statt;s;  whereas  llnnger, 
Nnusca,  Hope,  clc .  have  no  such  associations,  and  tlieir 
material  conditions  are  only  theoretically  assigned. 
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Our  ii>t«lligib1e  universe  U  constmcted  ont  of  tbe  elo* 
menu  of  Feeling  according  to  certain  cisssificationa,  the 
broadest  of  which  is  that  into  extemnlnm)  inlernal,  ob* 
ject  and  subject.  Tbo  aUsUuctioas  Mutter  and  Mind 
onoe  formed  and  fixed  in  represectative  symbols,  are 
easily  aGcrcdit^il  as  two  difTctvut  Itvals.  But  tbe  sepa- 
ration ia  ideal,  and  is  leoUy  a  distinction  of  Aqieola 
Wc  know  ourselves  as  Body^&Iind;  we  do  not  know  our- 
selves as  Ilody  and  Mind,  if  by  that  be  meant  two  coex- 
bCent  indupciideut  Exi^t«:iits;  and  the  illusion  by  which 
the  two  Aspects  appear  as  two  Kcals  may  be  made  intel- 
lijpbh]  by  the  analysis  of  any  oniinary  proposition.  For 
example,  when  we  say  "  this  fruit  is  sweet,"  wc  express 
tKia  of  Fcelii^t  —  actual  or  anticipated  —  in  abatracl 
terms.  The  concrete  fact^  aro  thcM :  a  colrjri'd  fevliug. 
a  solid  f^clinj:,  a  sweet  feeling,  etc,  have  been  associated 
together,  and  the  colored,  solid,  swcut  group  is  symbolized 
in  the  abstract  temi  "  fruit"  But  the  color,  solidity,  and 
sweetness  arc  also  abstract  terms,  represeoling  feelinj^ 
associated  in  other  groups,  so  tbaC  we  find  "  froit "  which 
has  no  "sweetness";  and  "sweetness"  in  other  things 
besides  "  fruits."  Having  thus  separated  ideally  tbft 
"sweetness"  from  tbo  "fruit"  —  which  in  the  concrete 
sweet-fniit  is  not  permisaitJe — we  ea-tily  coin«  to  imagine 
a  real  distiuctiun.  This  is  llic  aisa  wiib  the  concrete  liv- 
ing organism  when  we  cease  to  consider  it  in  its  concrete 
reality,  and  fix  our  attention  on  its  abstract  terms  — 
Body  and  Mind.  We  then  think  of  Body  apart  from 
Mind,  and  believe  in  tliem  as  two  Seals,  thou^  neither 
exists  apart 

There  is  no  state  of  consciousness  in  whidi  object  and 
subject  are  not  indissoltibly  combined.  There  is  no  phys- 
ical process  which  is  not  indissolubly  bound  up  with 
the  psychical  modes  of  apprehending  it  Every  idea  is 
either  an  image  or  a  symbol  —  it  has  therefore  objective 
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refcrenco,  ft  mntcrial  aspect  Every  object  is  a  eyuthcsis 
of  feeliuga  —  it  has  Uierefore  aubjectivfi  reference,  a  ma* 
terift]  aspect.  Tims  wliilu  all  tlii;  cvuk-ricu  points  to  tlic 
identity  of  Object  and  Subject,  there  is  ample  evidence 
for  the  logical  necessity  of  their  idoal  separation  oa  As- 
pecta  TlUs  I  have  explaiue^^l  an  a  case  of  the  general 
principle  whicli  determines  oil  distinctions^ —  namely,  the 
diversity  in  the  modes  of  prodiictioD  of  the  products, 
which  —  subjectively- — is  diversity  in  the  modo^t  of  ap- 
preb(.>nding  them.  Tlic  optico-tactica!  experiencea  are 
markedly  different  from  the  other  experiences,  as  being 
moiu  directly  rufurrod  to  tho  Not-Self  wlocli  resists ;  and 
because  these  lend  themselves  to  ideal  constructions  by 
means  of  images  ami  symbols,  it  is  ihuse  expwrioncw  into 
which  we  translate  all  the  others  when  we  come  to  ex- 
plain tliem  and  assign  their  conditions.  For  —  and  this 
is  the  central  position  of  our  argument  —  all  inlerjire- 
tation  cousi:«ts  in  translating  one  set  of  fei^lings  in  the 
terms  of  another  set.  We  condense  sets  of  feelings  in 
abslmcl  sytubobi;  to  vndcrstand  these  wc  must  reduce 
them  to  their  concrete  significates.  They  are  signs ;  we 
must  show  what  they  are  signs  of. 

Now  the  symbols  Object  and  Subject  are  the  most  ab- 
stract we  can  employ.  Ilecanse  they  are  untver^O,  ibey 
represent  what  cannot  in  reality  be  divorced.  We  can, 
indeed,  ideally  separate  ourselves  from  the  Cosmos ;  in 
tli«  same  way  wc  can  ideally  separate  our  inner  Self  or 
Soul  from  our  outer  Self  or  Ilody ;  and  again  our  Soul 
from  its  sentient  states,  our  Body  from  its  physical 
changes.  But  not  so  in  reality.  The  separation  is  a 
logical  artifice,  and  a  logical  nccu-ssity  for  Science. 

The  necessity  will  bo  obvious  to  any  one  who  reflects 
how  the  ideal  oonstnictiona  of  Science  demand  precision 
and  inti'grity  of  U-rius^  Tho  probli'm  of  Automatism 
brings  this  veiy  clearly  into  view.    The  <^ue8tion  is.  Can 
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we  tmnsUte  all  psychological  lAenomeua  in  mechanical 
terms  ?  If  ve  can,  we  ought ;  because  these  terma  havt; 
the  immense  advant^e  of  being  exact,  dealing  as  they  do 
with  quantitative  relations.  But  my  belief  is  that  we 
cannot  —  nay,  that  we  cannot  even  translate  them  all 
into  physiological  terms.  The  distinction  between  quan- 
titative sod  qualitative  knowledge  (p.  354)  is  a  barrier 
against  the  mechanical  interpretation.  Physiology  is  a 
classificatory  science,  not  a  science  of  measurement.  Nor 
can  the  laws  of  Mind  be  deduced  from  physiological  pto- 
ceases,  unless  supplemented  1^  and  interpreted  by  psy- 
chical conditions  individual  and  social 
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CHAPTER  IV. 

COSSCIODSXESS  AND  DKCOMSCIOUSNESS.* 

48.  SciESCK  (IcumiiiU  precision  of  terms;  and  in  this 
sense  Condilluc  was  juslilied  in  dt-limng  it,  "uiie  laKgue 
bien  /ait$,''  The  sciences  of  Measurement  are  exact  be- 
cauae  of  the  precision  of  their  t^^uis,  and  arc  powvrrul 
because  of  their  exactness.  The  scictiices  of  Classification 
cannot  aspire  to  this  precision,  anil  thei-efore,  nltlioiigh 
capable  of  attaining  to  a  fuller  knowledge  of  plienonteua 
than  can  bo  reached  by  their  rivaU.  tliia  advantage  of  a 
wider  range  is  accompanied  by  the  disadvantage  of  a  less 
perfect  c-tpoaition  of  rctiilLi.  While  physicists  and  cheni- 
i.sts  have  only  to  settle  the  significance  of  the  facts 
observed,  biologists  and  social  theorists  liavc  over  *ud 
above  this  to  settle  tlio  signiticance  of  the  terms  they 
employ  in  expressing  the  facts  obflcrvcd.  Uvuce  more 
than  half  their  disputes  arc  at  bottom  verbal 

This  is  niarkfidly  the  case  in  the  '{iiestion  of  Autoin- 
alism.  One  man  dedans  that  animals  are  automata ; 
another  that  they  are  conscious  automata;  an<l  while  it  is 
quite  possible  to  hold  these  views  and  not  practically  be 
iu  disagreement  with  the  views  of  ordinary  men,  or  in- 
deed with  the  views  of  spiritualist  and  materialist  philoso- 
phers, we  can  never  be  sure  that  the  advocates  of  Autom- 
atism do  not  mean  what  they  are  generally  understood  to 
mean.  If  a  man  says  that  by  an  autonnitun  lie  doos  not 
here  mean  a  machine,  such  as  a  steam-engine  or  a  watch. 


•  Conpan  PaosuM  II.  Chq.  IV. 
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but  a  vital  mcclianiam  wliicli  has  its  parts  so  adjusted 
that  its  aclious  rcsemblo  ttiose  of  a  nincliine;  and  if  he 
adds  that  this  ftutomaton  is  also  con^icious  of  some  of  its 
nclions,  tliuiigli  uucoDscioiis  uf  oiIk'k,  wk  uiii  only  object 
to  bis  using  terms  which  have  misleading  connotationa. 
If  li«  lueau  by  "eoiistuous  nutotuata,"  that  aiiiiiiaU  are 
nieclianisms  moved  ou  "purely  uiocbaiiical  i)riiicit>Io8," 
their  consciousne-t!!  Iiaving  noUiing  whatever  to  do  with 
ttio  pruductiun  of  their  acliuDS,  thvii  tudcwl  our  objuctioa 
is  not  only  to  his  use  of  terms,  but  to  his  interpretation 
of  the  facts. 

40.  The  questions  of  fact  oie  two :  Are  animal  mechan- 
isms rightfully  classed  beside  mactiiiies  t  and,  Is  conscious- 
neu  ft  coefficient  in  the  actions  of  animal  mecbanism  ? 
Hie  first  lias  already  been  answered ;  the  second  (lemands 
a  pTcliminaiy  settk'iiiuiit  of  the  tenns  " eoiMcioua,"  "un- 
conscious,'* ■'  voluntary,"  and  "  involuntaiy."  The  aim  of 
Physiology  is  to  ascertain  the  particular  combinations 
of  the  elementary  parts  involved  in  each  particular  func- 
tion—  in  a  word,  Uio  mechautHiu  of  oi^ranic  ptieaomena ; 
and  tlio  modcru  ReScx  Theory  is  au  attempt  to  explain 
this  mechanism  on  purely  mechanical  principles,  without 
the  co-operation  of  other  principles,  especially  those  of 
Sensation  and  Volition.  It  ia  greatly  aided  by  the  am- 
bii;u)ty  of  cuiroDt  temta.  We  are  accustomed  to  speak 
of  certain  actions  as  being  performed  uaconsciously  ot 
involuntarily.  Wo  are  also  accustomed  to  say  tliut  Con- 
sciouKncss  is  neceaaary  to  transform  an  imprasaion  into  a 
sensation,  and  that.  Volition  i^  tlie  equivalent  of  conscious 
eflbrl.  When,  therefore,  unconscious  and  involuntary 
actions  are  recorded,  they  seem  to  be  actions  of  an  in- 
sentient meclianism.  The  Reflex  Theory  once  admitted, 
a  rii^orouH  logic  could  not  fail  to  extend  it  to  all  animal 
actions. 

50.  I  reject  the  Reflex  llieory,  on  grounds  hereafter  to 
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be  OTged,  but  at  present  call  attention  to  the  great  nmbi* 
yiiity  in  the  tenna  "conBcious"  and  " onconacioua."  In 
one  senae  no  iletinitioii  of  Conscionsnesa  can  be  satisfac- 
tory, since  it  dosi<^al(;s  an  ultimate  fact,  which  c:annot 
therefore  be  made  more  intelligible  than  it  is  already. 
In  another  sense  iiu  definition  i«  needed,  sineo  every  one 
knows  what  is  meant  by  saying,  "  1  am  conscious  of  sucli 
a  change,  or  such  a  movement."  It  is  here  the  equivalent 
of  Fci-ling.  To  be  conscious  of  a  change,  is  to  feel  ii 
chim^e.  If  we  desire  to  expr&ss  it  in  phy.iiological  terms, 
wo  uiuHt  define  Consciousness  —  "a  function  of  the  or^n- 
ism  " ;  and  this  deHnition  we  shall  find  eminently  tuseful, 
because  the  organism  being  a  vitul  mechanism,  and  the 
integrity  of  that  mechanism  b«ing  necessary  for  the  in- 
tegrity of  tlie  function,  while  every  vanatJonnf  the  mechan- 
ism will  bring  a  corrcspondinj'  variation  of  the  function, 
we  shall  have  an  objective  guide  and  standard  in  our 
inquiries.  Organisms  greatly  differ  in  complexity,  yet 
because  they  aUo  agi^e  in  tJio  cardinal  conditions  -of 
Vitality,  among  wliich  Sensibility  is  one,  we  conclude 
tliat  they  all  have  Feeling ;  but  the  Feeling  of  the  one 
will  differ  from  that  uf  another,  according  to  tlie  com- 
plexity of  the  itentient  meclianiara  ill  each.  The  jier- 
fcction  of  this  mechanism  lies  in  tlie  co-ordination  of  its 
lKirI.%  and  the  consensus  of  its  sentient  acliviiies  ;  any  dis- 
turbance of  that  consensus  must  cause  a  modification  in  tlie 
total  consciousnes-'! ;  and  when  tlie  disturbance  is  ])rofound 
Ihe  modification  is  marked  by  sucli  terms  as  "  insanity," 
■'  loss  of  consciousness,"  "  insensibility."  Tlicse  terms  do 
not  imply  that  the  sentient  organs  have  lost  their  Sen- 
sibility, but  only  that  the  disturbed  mechanism  has  no 
longer  its  normal  consensus,  no  longer  its  normal  slate  of 
Consciousness,  Each  organ  is  active  in  its  own  way  so 
long  as  its  o\ni  mechanism  is  preserved;  but  the  united 
action  of  the  oi^ns  having  been  disturbed,  thoir  remitant 
VOL,  ni.  s 
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function  lias  been  altered.  Hoiice  in  n  fit  of  E|)iltfi«y 
there  is  a  complete  abfteoce  of  some  nonoal  reactions, 
with  exaggeration  of  nthers.  hi  n  8tnt«  of  Coma  there 
is  no  spontaneity —  none  of  the  manifold  adaptations  of 
tlio  organism  to  fluctuating  excitations,  cxtoroal  and  in> 
tornal,  obsenublc  in  tliv  normal  statu.  Thfl  or;ganisni 
still  manifests  Sensibility  —  but  this  is  so  anlike  the 
inanifeittatioiis  witeri  it.f  iiiccliAnism  is  un(],i8turbed  (and 
necesiarily  so  since  the  Sensibility  varies  witli  the  mccbsn- 
isni)  that  it  is  no  longer  called  by  the  same  name.  In 
the  normal  organism  S(!iisibility  means  Feeling,  or  Con- 
sciounncKs ;  but  in  the  abnorma]  or^nism  there  ia  said  to 
be  a  "  loss  of  Consciousness."  What  the  iihysiologist  or 
the  physician  means  by  the  plirsse  "  loss  of  Consciotis- 
ncss  "  i.s  intelligible,  and  for  liis  purposes  unobjectionable. 
He  observes  many  organic  processes  going  ou  undisturbed 
—  the  unconscious  patient  breathes,  secretes,  moves  his 
limbs,  etc  These  processes  are  referred  to  the  parts  of 
the  mechanism  which  are  not  disturbed  ;  they  are  obvi- 
ously indepeiidont  of  that  adjustment  of  the  mechanism 
which  by  its  emuenmt  lias  the  special  resultant  named  Con- 
sciousness ;  bo  therefore  concludes  that  these,  and  many 
other  oiganic  processes,  vhich  are  neither  acoompsaied 
nor  follovfofl  by  dacriminated  feelings,  are  the  direct  conse- 
quences of  the  stimulated  mechonisin.  He  never  hesitates 
to  adopt  the  [Kjpular language,  and  say,  "We  sometimes 
act  unconscioosly,  perceive  unconsciously,  and  even  think 
unconsciously,  all  by  the  simple  reflex  of  thi:  mechanism." 
Now  observe  the  opening  for  error  in  this  langnnge. 
The  actions  are  said  to  go  on  unconscioualy,  and,  became 
unconsciously,  as  pure  reflexes,  which  are  then  assigned 
to  an  insentient  mechanism,  and  likened  to  the  acUons 
of  machines.  But,  as  I  hope  hcmtfler  to  make  evident, 
the  reflex  mechanism  necessarily  involves  Sensihili^; 
and  tlicrcfore  leBcx  actions  may  be  nDaocompanied  by 
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Conscioasness  —  in  one  maaning  of  thnt  term  — without 
ceasin;^  to  be  suntivul .  tlic  feelings  arc  opcmtire,  although 
not  discriminaled.  On  tiie  other  hand,  there  is  another 
*nd  very  general  meaning  of  the  Ivrni  Consclonsness, 
which  is  the  equivalent  of  Senttonce. 

51-  Xn  diacu-tiiiiig  Automatism,  or  the  Reflex  Tlieor)',  it 
is  Rh»olut4;ly  nccti^ary  that  wo  should  first  BCttlo  the 
meaning  we  assign  to  the  term  Consciousness.  Tlie  lax< 
ity  with  wliicli  the  term  is  used  may  be  sueii  in  the  enu- 
meration occupying  six  pages  of  Professor  Bain's  account 
of  the  various  meanings.  Psychology  is  often  said  to  be 
"the  science  of  the  facta  of  Consciouanesa";  and  the 
Brain  is  often  assigned  as  "  the  organ  of  Conacionsnen." 
Yet  there  ore  niaoy  mental  processes,  and  iniiny  ci'ncbnil 
processes,  which  ore  declared  to  be  unconscious.  Obvi- 
ously if  Consciousness  is  ^hg  function  of  the  Hroin,  tlicro 
can  be  no  oerebral  activity  which  is  unconscious  ;  just  as 
tberft  can  be  no  activity  of  the  lungs  which  is  nut  respini- 
toiy.  Usage  therefore  points  to  a  general  and  a  special 
aensa  of  tbe  term.  Ttie  gencml  usage  identifii-s  it  with 
Sonnbilit}',  in  it«  subjective  a-tiicct  a.**  Sentience,  including 
all  psychical  states,  both  those  classed  under  Sensation, 
and  those  nnder  Thought  Tliase  states  are  the  "  facts  of 
consciousness"  with  which  Psychology  is  occupied.  In 
the  special  usage  it  is  distinguished  from  all  other  psychi- 
oal  states  by  a  peculiar  reflected  feeling  of  Attention, 
whereby  wa  not  <mly  hnvr  a  sensation,  but  tiivy/efl  that 
we  have  it ;  we  not  only  think,  but  are  conscious  that  we 
arc  thinking  ;  not  only  act,  but  are  conscious  of  what  we 
do  It  is  this  which  Kant  indicates  when  he  defines  it 
"  the  snbjectjve  form  accompanying  all  our  conceptions 
(Btffrijfe)  " ;  and  Jeasen  when  he  defines  it  "  the  internal 
knowing  of  our  knowing,  an  in  itself  reRectcd  knowing."  • 

*  "Dm  R^waMtwrrdrn  irt  nlchla  Aiid*r<n  al*  eEo  ireltpr  turt^cvichril- 
tonet  Erinnerii  oder  Nouwcnien  <!«(  Ton  >aucn  Burgcnommonon  WImwm, 


404 


TUE  ritrSICAL  BASIS  OF  MIXP. 


52.  We  shall  vtUm  have  to  lecur  to  this  general  and 
this  special  tneatiing,  tx^th  of  which  are  loo  finoly  rooted 
for  ouy  successful  nltonipt  to  displitcc  them.  Tlie  fact 
tliat  some  organic  processes  and  some  mental  processes 
take  place  now  conscious!)'  aud  now  tmcoiiscioiuly,  i  e. 
now  with  the  feelinj;  of  reflected  attention,  and  now  with 
no  su<:!i  feeling,  assuredly  demands  a  currcsponding  ex- 
pression ;  nor,  in  spite  of  inevitable  ambiguities,  is  there 
ground  for  regretting  that  the  expnission  chosen  sliould 
be  only  an  extension  of  the  expression  alrea<Iy  adopted 
for  all  other  states  of  Sentience.  A  sentient  or  conscious 
state  can  only  he  a  stale  of  the  sentient  organism,  itself 
the  unity  of  many  organs,  eitch  having  ila  Scii-^ibility. 
There  is  more  or  less  consensus,  but  there  is  no  introduc- 
tion of  a  new  agent  within  the  oiganiJtm,  converting  wlat 
was  pliysical  impression  into  mental  reaction.  From  first 
to  last  there  has  been  nothing  but  neural  processes,  and 
combinntions  of  such  processes  —  which,  viewed  subjec- 
tively, are  sentient  processes.  Thus  (he  gradntions  of 
sensitive  reaction  arc  Sentience,  Consenlieneo,  and  Con- 
Bciousneas,  which  are  represented  in  the  1-ogic  of  Feeling 
and  the  Logic  of  Signs.  The  familiar  term  Conscience 
will  then  represent  the  Logic  of  CondacL  Thus  under- 
stood, wo  may  say  that  a  man  sometimes  nets  uncon- 
Hciously,  or  thinks  unconsciously,  allliough  his  oction  and 
tliought  arc  niled  by  Consentience,  as  he  sometimes  acts 
and  thinks  aoconscientiausly,  although  he  is  not  withont 
obedience  to  Couscioncc  on  other  ocoisioos.  The  feeling 
which  determines  an  action  is  operative,  although  it  may 
not  be  ducriminaled  from  sinmltaneous  feelings.  AVhen 
ibis  is  Uie  case,  we  say  the  feelin<;  is  nucouscious ;  but 
this  no  more  means  tliat  it  is  a  purely  physical  pro- 

<iii  iai]«rlii.'li<»  WiaMii  dieM*  Wlnen*  oiIkt  rln  In  Mh  rcAfCtlrtM  Vit- 
■cn."~JiuaK)<,  Vtr*uA riiwr  IF^timilufftlidtm Oifr»tdimt dn ftyrtp- 
logii.  l&SS,  p.  4fT. 
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I  taking  place  ouUido  th«  spliere  of  Sentience,  than  Uie 
iramoni]  conduct  nf  u  mim  would  be  said  lu  \ni  mwhmu- 
cal,  aad  not  iho  caiiduct  of  a  moral  a^ent  There  is 
undoubtedly  a  luarkeil  tiUtiuotiun  oxpivjsscd  iu  the  toruu 
Consciousness  and  Unconsciousness,  but  it  is  not  that  of 
contrasts  sucli  a-s  Mentid  and  rhjsicnl,  it  is  that  of  grade* 
such  as  Light  and  Darkness.  Just  as  Dadcness  is  a  posi- 
tive optical  sensation  very  ilifferent  from  mere  privation  — 
just  as  it  FDplaces  thv  si:usatiuu  of  Light,  bli^uds  with  it, 
struggles  vritb  it,  and  in  all  respects  differs  from  the  (tb^tmx 
of  uU  optical  sensibility  in  tlic  ekiu  ;  so  Uuconscioiisuess 
struggles  with,  blends  witli,  and  Kplaves  Consciousuess  in 
the  organism,  and  i«  a  positive  state  of  the  .sentient  oi'gan* 
iam,  not  to  bo  winfounded  with  a  mere  negation  of  Suu- 
tience;  above  all,  not  to  )>e  relegated  to  merely  mechanical 
processes. 

5'2  a.  liemember  tliot,  atvictly  speaking,  Consciousuess 
is  a  psydiological  not  a  physiological  term,  and  is  only 
UWd  in  I'hysiolog}-  on  the  assumption  that  it  is  tlie  sub- 
jacttvo  equivdlent  of  an  objective  process.  To  avoid  the 
equivoque  of  "unconscious  sensation,"  we  may  substitute 
the  term  "  uncouscions  n«uml  process  " ;  and  i\»  uU  neural 
processes  imply  Sensibility,  which  in  the  subjective  aspect 
is  Sentience,  we  aay  that  Senticnou  has  various  modes  and 
degrees  — such  fts  Perception,  Ideation,  Emotion,  Volition, 
wliich  may  be  conscious,  sub-cou.scious,  or  uncon.scious. 
When  Leibnitz  referred  to  the  fact  of  •'obscure  ideas," 
an<l  modern  writers  expressed  Um  fact  as  "  unconscious 
cen-briition,"  the  first  phrase  did  not  imply  a  process  that 
was  other  than  tuoiiUU,  tlio  second  pitnuu  did  not  imply  a 
process  that  was  other  than  physiological:  both  indicated 
u  mode  of  thp.  process  known  as  Con.4ciousnc$^  under  other 
modes,  There  arc  diilL-rent  neural  elements  grouped  in 
[deation  and  Emotion ;  there  are  dilferent  neural  ele^nents 
grouped  in  Cooaciooaoess,  Sub-cousciousuess,  and  Vucou- 
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aciousii«s3;  but  one  tissue  with  oao  piuperty  is  active 
ID  alL 

53.  The  nerrons  organism  is  a-lfected  as  a  whole  hy  every 
aflectian  of  iU  con»ticiiL-iit  psirts.  Evciy  excitAtton,  in- 
8tea<1  nf  terminating  with  iUelT — as  is  the  case  iii  most 
pbysicul  proccssw  —  op  with  Umj  motor  impulse  it  excites, 
is  propagated  throughout  the  coutinuous  tissue,  and  thus 
send;!  a  lArUl  throughout  the  oigaiiisnL  The  wave  of 
excitation  in  passing  onuiinU  beats  afjainst  rariously 
grouped  elements  —  temporary  and  permanent  centres  — 
disturbing  their  balmicv  more  or  less,  and  liberating  tJie 
ciier^'  of  some,  increasing  the  tension  of  others,  neces- 
sarily affecting  all.  Those  groups  which  have  their  energy 
liberated  set  up  processes  tiiat  are  cither  disrriminatai  as 
sensations,  or  are  blended  with  the  general  stream,  accord- 
ing to  tholr  nlaiiee  energy  in  the  couscmiiis.  Thu:!  the 
impulse  on  reaching  tJie  centres  for  Uie  heart,  lungs,  legs, 
and  tail  excites  tlie  innervation  of  these  organs ;  but  a« 
these  arc  only  parts  of  the  organism,  and  as  all  tlie  parta 
enter  the  consensus,  and  Consciousness  is  the  varying 
rcsullAut  of  this  cvcr^vaiying  consensus,  the  thrill  which 
any  particular  stimulus  excites  will  be  unconscioas,  sub- 
conscious, or  C(»isciou».  in  proportion  to  the  extent  of  the 
irradiaUd  disturbajice,  which  will  depend  on  the  statical 
GondilionH  of  the  centres  at  the  moment  A  sound  sends 
a  thrill  which  excites  emotion,  causes  the  heart  to  beat 
foster,  the  muscles  to  <iuiver,  the  sldQ-gtaods  to  pour  fortli 
their  sevretion;  yet  this  same  sound  heard  by  another 
man,  or  the  same  man  under  other  conditions,  physical  or 
Iiistorical,  merely  sends  a  faint  thnll,  just  vivid  enough 
to  detach  itself  as  a  sensation  from  the  other  simul- 
taneous excitations;  and  the  some  sound  may  excite 
a  thrill  which  is  so  faint  and  fugitive  as  to  pas»  un* 
consciously.  Physiological  and  psychological  inductions 
assure  us  that  these  are  only  differences  of  dt^ree.    Tht; 
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same  kind  of  pimiological  effect  sccompanies  the  con- 
scious ttud  uncouscious  sUilc.  Evi'iy  texisory  iniiircs- 
sion,  no  matter  whether  discriminated  or  not,  afl'ects 
the  circ«lotiou  and  develops  lieat.  llie  blood-vessel*  of 
the  part  impressed  cxpniid.  vessels  ulscwhcrc!  contract  — 
a  change  in  the  blood  pressure  baa  been  effected,  wliicli 
of  countc  implios  that  the  whole  ot^nlsoi  has  Ixsen 
afFected.  Delicate  inatruineiits  eliow  that  at  the  time 
a  sensation  i^  prtidiic^ed  ihe  tenipemture  of  the  brain  is 
raised.  The  same  is  Irae  of  ideation.  Mogso  has  invented 
a  toethod  of  registering  the  effect  of  tliought  on  the  cir- 
culation. Uf  finds  ideation  ncconipanied  by  a  contrac- 
tion of  the  jieripheral  vessels  proportionate  to  tlie  degree 
of  inti;ll(!CtuiiI  L-ffort.  A  younjj  man  tmnslating  Greek 
showetl  ^'eater  contraction  than  when  he  wan  translating 
lAttn.  During  sound  sleep  —  when  we  ore  said  to  bo 
nnconscioua — sudden  noise.")  always  cau.se  contraction 
of  Ihu  petiphewl  vessels.  Psychological  obsen'ation  as- 
aurea  us  that  tJie  conscious  and  unconscious  states  were 
botli  con^entifnt,  and  weru  both  oi^iutive  in  the  same 
degKc.  The  abi*orlied  thinker  threads  his  way  through 
crowded  streets,  and  is  sub-cousciuus  and  uncun^'iotis  of 
the  variolis  sights,  sounds,  toucheii,  and  muscular  move- 
ments which  make  up  so  large  a  portion  of  his  sentient 
excitation  at  the  time;  yet  he  deftly  avoids  obstacles,  hours 
the  sound  of  a  hurried  step  l)ehind  him,  recc^izes  an  in- 
teresting object  directly  it  presenU-i  itself,  and  can  even 
recall  in  Memory  many  of  the  uninteresting  objects  which 
he  passed  in  sub-conscious  and  unconscious  indifference. 

54.  On  all  grounds,  therefore,  we  iniiat  say  that  be- 
tween conscious,  siib-cnnscious,  and  unconscious  states  the 
diffiBrenoe  is  only  of  degree  of  complication  in  the  neural 
processes,  which  by  relative  preponderance  in  the  con- 
WDMudctMrmiue  a  n-l»tive  disorimination.  We  can  only 
discriminate  one  thrill  at  a  time;  but  the  neural  excita- 
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Uons  simulUDcously  pressuig  towanU  a  tiisclutTgo  are 
many;  and  the  coiulitii^ns  wbich  dctermiiic  uonr  this,  and 
now  Uie  oUier  excitation  to  jiTBdoiuiDato  b^  its  (Iifl«r«iitial 
pressure,  aro  far   bcyuod  uiiy  iDi^clmiiianl  v^linuiU!.      I 
mention  this  because  the  advocates  of  the  Iteflex  Theory 
maiDtaiti  ihiit  the  neural  processes  arc  the  saue  wbetlier 
a  sensation  tie  produced  at  not ;  and  that  since  U>e  flune 
actions  follow  tho  external  stimulntion  whether  sensation 
be  produced  or  not.  this  proves  tlw  acticnui  to  be  purely 
nu)chiknic«L     I  re[>ly,  tije  neural  proeesses  are  na  tJie 
same  throiij-hout  in  tlic  two  cases  —  otherwise  the  efTecte 
would  hf.  tlie  same.     Vou  might  as  well  eay,  "Sinc«  the 
i?xplosiun  of  the  ^un  is  the  saute^  whether  »holtvd  or  not, 
a  hlank  cartridge  will  kill " ;  but  if  you  tell  me  that  yonr 
gun  kilk'd  the  Itii'd,  I  declare  that  tlie  cartridge  was  ttot  a 
hlaiik  one.     WliethtT  the  explosion  of  the  gun  aim  pro- 
duc^il  ti.^iTor  in  one  bystander,  curiosity  in  a  second,  and 
attracted  no  notice  frum  a  Uiird,  will  be  altogether  anoUier 
mattvr.    In  like  inaimer  Uie  sensoiy  impression  wbich 
detennines  a  movement  may  or  may  not  be  accompanied 
or  fulloned   by  cf/urr  aeuttent  states ;  the  fact  of  such 
movemeut  is  evidence  of  its  sentient  antecedent ;  and  an 
external  !ttimulti<i  that  will  produce  I/us  neural  procew. 
and  this  consequent  inuvemcnt.  must  produce  a  feeling, 
alUiough  not  ueco^sarily  a  discriminated  senntjan.    Now 
since,  for  disvriniinatiou.  atkrr  neural  pnxicsses  must  co- 
ujierate,  we  cannot  say  that  in  the  two  cases  u//  the  neural 
processes  have  been  the  same  throughout;  nor  because  of 
this  diflereoce  can  ve  say  that  tlifl  piooesa  of  the  undis- 
orimtnated  senaation  is  a  incchanicAl,  not  a  Mtttient  process. 
In  the  next  problem  this  point  will  be  arpicd  more  rully. 
55b   The  need  of  recognizing  ConARiotiana<t8  and  Con- 
sentieaco  as  dvgrces  of  vacigy  and  complexity  in  sen- 
tient slates  is  apparent  when  we  consider  animal  i^cnom- 
ena.    Has  a  be«  consciousness  ?    Has  a  snail  volition  1 
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or  are  they  both  inaenttpnt  mecltanisnis  t  All  inductions 
vramuit  tbe  assertion  tliut  u,  bee  hiLs  thrills  propagsted 
throughout  its  organism  by  the  af^iicy  of  iU  ii«rves ;  and 
tliat  some  of  these  thrilU  are  of  the  kin<l  called  aena*' 
tioDs  —  vveu  <lischmtiml«<l  sonsKtioiis.  Novprtlieleiia  wo 
may  reasonably  doubt  whether  tbe  bee  hfts  sentient  states 
rvsviubling  otherwise  than  remotely  the  acDsations,  emo- 
tions, and  tbou-^hts  which  cuuslituto  liutnan  Conscioua- 
IM!89.  cither  in  the  general  or  the  special  sense  of  that 
term.  Th«  bee  feela  ftud  reacts  on  feelings ;  but  it«  fccl- 
iDgR  cannot  closely  resemble  our  own,  becaase  the  condi- 
tions  in  the  two  caseat  are  diflvrent.  The  hev  may  even 
be  said  to  think  (in  so  far  as  Thought  means  lo;^cal  com- 
bination of  feelings),  for  it  ajijiears  Ut  form  Judgments 
in  the  sphere  of  llie  L«ftic  of  feeling  —  to  voijTttov ; 
although  incapable  of  the  ijigic  of  Sigp*  ■ —  ro  &tavo7]Titai>. 
We  shonld  therefore  say  ths  bee  has  Consentience,  but 
not  Cunsciousncas  ^  unless  we  accept  Consciousness  ih 
it«  general  signification  as  the  equivalent  of  Sentience: 
Tlie  or^nism  of  the  bee  differs  from  that  of  a  man,  as  a 
mud  hut  fmm  a  marble  pidacc.  But  since  underlying 
tliese  differences  there  are  fundamental  resemblances,  the 
functions  of  the  two  will  be  fuudftmeiiWlly  alike.  Both 
have  the  function  of  Sentience ;  iw  mud  hut  and  palace 
have  Ijolh  tlie  offioe  of  shellering. 

56.  Tlie  question  of  Volition  will  occupy  us  in  the 
next  chapter..  Itestricting  ourselves  here  to  that  of 
Conseiousnese,  and  recalling  the  distinction  of  iho  two 
raeaniogs  of  the  term,  we  now  approach  the  question  of 
Unconsciousness.  Are  we  to  understAud  this  term  as 
dcsi^niatin:;  a  purely  physical  state  in  contrast  to  the 
purely  mental  state  of  Conaciousness ;  or  only  as  des- 
ignating a  dilTerencc  of  degree  f  Tliis  is  like  asking 
whether  Light  and  Paikness  are  both  optical  feelings,  or 
one  an  optical  fe<-ling  and  the  other  a  physical  proeeast 
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On  the  BeSex  Tbeoiy,  no  sooner  does  a  vital  a»d  mental 
proceu  pass  from  the  daylijjlit  of  Consciousooss,  or  twi- 
l^t  of  8ub-consciouBiiesH.  into  the  darkness  of  UiKon- 
wiousness,  than  tliu  wholv  urdt- r  of  iihvuomcna  ia  abruptly 
dnnged,  tbey  cease  to  be  ntal,  mental,  and  lapse  into 
physical,  mechanical  processes.  Tlie  grounds  of  this  con- 
clusion an-,  first,  tbo  unpsycholo^^cal  assumption  that  the 
unconscious  state  is  out  of  the  sphere  of  Seutieuce ;  and 
secondly,  the  unphysiulogical  assumption  that  tbe  Bmin 
is  the  only  portion  of  the  nervous  system  wliicli  has  tlie 
properly  of  Sensibility.  Itestatc  the  conclusion  in  diCTcr- 
ent  terins  and  its  fallacy  emerges:  "organic  processes 
suddenly  cease  to  be  organic,  find  booonie  puruly  i)liysical 
by  a  slight  change  iu  their  iriatiee  position  in  the  consen- 
sus 1  tbe  organic^  process  wliich  vs.*)  a  conscious  sensation 
a  moment  ugu.  when  ita  oneT<^  vras  not  balanced  by 
some  other  process,  saddenly  falls  from  its  place  in  tbe 
group  of  or^uic  phcuotneim  —  sentient  phenomena  —  to 
aiok  into  tbe  group  of  inorganic  phenomena  now  tliat  it« 
enct^  it  ludancud."  Consider  the  purallel  case  of  Motion 
and  Itest  in  the  objective  sphere,  lliey  are  two  functions 
of  the  co-opcrant  forces,  one  dyiwmic,  the  other  static ; 
although  markediy  diHtingiiiahable  hs  functions,  we  know 
that  they  are  simply  tlit;  co-opcmnt  fotocs  now  unhalanoed 
and  now  balanced ;  what  we  call  Rest  is  also  a  product 
of  moviuf^  forccw,  each  of  which  is  operanl,  ami  will  issue 
in  a  detinite  resultant  when  its  cuunter-force  is  removed. 
Ikfotion  and  Rest  are  correlatives,  and  botli  belong  to  the 
sphere  of  Kinetics.  In  like  manner  Consciousticss  and 
UncoDseiousness  are  correlativee,  both  belonging  to  tbe 
sphere  of  Sentience.*     Every  one  of  tbe  unoonscious  pro- 


.  *  Ib  common  luisiugg  >  (tone  <t  a  tret  i*  ml  to  be  uiwonacioiu ;  bat 
(Ilia  is  ill  iiDtliTopaiiioi]iluo  ext«iunon  or  Ilia  una.  In  (tridnn*  w« 
ihonld  nil  mntv  upotlc  eS  unoonacloniUMa*  ootilda  tlie  iiiherc  of  Scntknce 
Ihia  ef  iUiktiCM  ontilik  tha  fphm  «l  Ttoton. 
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ceaes  i$  operant,  changes  the  g«ii<:ml  state  of  the  orgou- 
istD,  nnd  is  capable  of  at  once  issuing  in  a  diacriniiDated 
sensation  when  the  force  wliicli  balauccu  it  is  disturbed. 
I  was  unconscious  of  the  scmtcb  of  toy  pen  in  writing 
the  last  aeuteucf.-,  but  1  am  distinctly  conscious  of  every 
Rcratcli  in  writing  this  one.  Then,  as  now,  the  scratching 
sound  sent  a  faint  thrill  through  my  organism,  but  its 
relative  intensity  was  too  faint  for  discriniination ;  now 
Ihftt  I  liavo  retlislribiitoil  the  co-operant  forcMa,  by  whst  is 
called  an  net  of  Attention,  I  bear  distinctly  every  sound 
the  pen  (m>iitjces. 

57.  The  inclusion  of  Sub-consciousness  within  the  sen- 
tient sphere  Li  obvious ;  the  inclusion  of  UucoiLSuiousncss 
withiu  that  spticre  may  be  nmdc  so,  when  we  ctmsider  its 
modes  of  production,  and  compare  it  witli  the  extra-sen- 
siblu  conception  of  molecules  and  atoms.  The  Matter 
which  ia  sensible  as  masses,  may  be  resolved  into  mole- 
cules, which  lie  licyoud  the  discrimination  of  sense ;  and 
these  again  into  atoms,  which  are  purely  ideal  conoep- 
tions ;  but  because  molecules  are  pravai.  and  atoms  uto 
supposed,  to  have  material  properties,  and  to  conform  to 
sensible  canon.t  of  tlie  objective  world,  wo  never  hesitate 
f o  class  them  imdi-r  the  head  of  Matter ;  nor  do  wo  im- 
ajfine  that  in  passing  beyond  the  diftcrimtnalion  of  Sense 
they  lose  their  objective  significance.  Tliey  are  still  phys- 
ical, not  mental  facts.  So  with  Sentience :  we  may  trace 
it  through  infinit*?  gTadat.ioQS  from  Consciousness  to  Sub- 
conscionsncM,  till  it  fades  away  in  Unconsciousness  ;  but 
from  first  to  last  the  processes  have  been  tiiose  of  a  sen- 
liiMit  OT^uism ;  and  by  this  aru  broadly  distin^sbed 
from  all  processes  in  anorganiams.  The  movement  of  a 
limb  has  ([uitu  different  modes  of  production  from  the 
movement  of  a  wheel ;  and  among  its  modes  must  be 
tiichidcd  those  c^  Sensibility,  a  peculiarly  vit«l  property. 
Oxidation  may  be  alow  or  rapid,  manifesting  itself  as  com' 
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bustion,  lient,  or  flniiw!,  but  it  i.i  always  nxi<)atiun  — 
always  a  special  chemical  phenotneoon.  And  ao  the  neu- 
ral process  of  Keniience,  wln.alter  cotiscioim,  nuli-conscious, 
or  unconscious,  is  aln'ays  a  state  of  the  sentionl  orxanism. 
If  a  material  process  does  not  obaoge  its  character,  and 
becvnii-  spiriluni,  on  ptusin^  bcyoiiil  ttiu  langt  of  seusiblt 
Appreciation,  wliy  stiould  a  psychical  procesa' become  taa- 
t«riu1  on  piissiug  buyond  the  lunge  of  discriinioation  T  If 
we  admit  molecules  aa  physical  unit*,  seuttent  tremors  are 
p^cbical  uiii!-'*.  Tlie  extra-seneiihle  niolecule»  have  in- 
deed their  subjective  aspect,  and  ouly  enter  perception 
through  the  "  greeting  of  tlie  spirit."  The  sentient  tre- 
mors liavc  abiu  Dicir  objtxtivc  cu]ji:ct,  and  catiiiot  cume 
into  existence  without  tlie  neural  tremors,  which  are  their 
physical  conditions. 

£8.  It  is  uuly  by  holding  fast  to  such  a  conception  that 
we  can  escape  the  many  difficulties  and  contradictions 
present«d  by  unconscious  phenomena,  and  explain  mkny 
physioloifical  and  psychological  processes.  Descartes  — 
followed  by  many  philosophers  —  identified  Consciuusness 
with  Thought  To  this  day  we  conAtantly  hear  that  to 
have  a  sensation,  and  to  be  conscious  of  it.  is  one  and  the 
same  state ;  which  is  only  Admissible  on  the  undenttand* 
ing  tliat  Consciousness  means  Sentience,  and  Sentieneo 
the  activity  of  the  nervous  system  \iewcd  aubjfctively. 
Loibnits  pointed  out  that  w«  Iisvl-  many  psychical  states 
which  are  imconscious  states  —  to  have  an  idea  and  be 
conscious  of  it,  are.  he  said,  not  one  bill  two  stales. 
Hie  Consciousness  by  Descartes  eiwcted  into  an  essential 
oondition  of  Tliought,  was  by  I^^ibnitz  reduced  to  an  ac- 
companiment which  not  only  may  be  absent,  but  in  Die 
rast  majority  of  cases  is  absent.  The  teaching  of  most 
moilern  psychologists  is  tluit  Consciousness  forms  but  a 
small  item  in  the  total  of  psycliical  processes^  Uncon- 
scious sensations,  ideas,  and  judgments  arc  made  to  play 
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a  ^at  part  in  Uieii  explanations.  It  is  veiy  certain  that 
in  I'viTy  coiificioua  volition  —  every  act  that  is  so  ctinrao- 
terized  —  thfj  lurgi-r  part  of  it  is  quit*  uncooscious.  It  is 
equally  certain  that  in  every  perception  there  too  uncon* 
eciuiiis  proct-ssvs  of  r(;])ro(iu(;tion  and  inference  —  there  is 
much  that  is  implieit,  some  of  which  cannot  he  made  ex- 
plicit—  ft'itiiddle  d)4tance"of  sub-coiucioueness,  and  a 
"  background  "  of  uncoosciouaness.  But,  throughout,  tJic 
proceMV!*  arc  those  of  Sentienoe. 
Y^  59.  Unconsciousness  is  by  some  writers  called  laUnt 
Consdotiancss.  Kxperiencps  wliidi  are  no  longi-r  mani- 
fested mvi  said  to  be  stored  up  in  Memory,  remaining  in 
the  Soul's  picture-^llery,  visible  directly  tlie  Hbuttors  arc 
opened.  Wi;  uru  not  conscioiu  of  these  feeling,  yet  tlioy 
exist  as  latent  feelings,  and  become  salient  tliroiigh  asso- 
ciation. As  a  mettt]>horical  expression  of  the  familiar 
facts  of  Memory  this  may  pass ;  but  it  has  been  converted 
from  a  metaphor  into  an  hypotbesia,  and  we  are  suppoesd 
to  kav€  feelings  and  ideas,  when  in  fact  we  have  nothing 
more  than  a  modified  disposiHon  of  the  orf^nism  —  tem- 
porary or  jvermanent  —  which  when  stiniulnled  will  re- 
spond in  this  modified  manner.  The  moditication  of  the 
organiam  wlien  perraanont  becomes  hi'reditaiy ;  and  its 
KSiwnso  is  then  called  an  instinctive  or  automatic  action. 
And  a<i  actions  pass  byde^es  from  coiiscioTts  and  vol* 
wnlary  into  suVconitcious  and  a ul>. voluntary,  and  finally 
into  uiiL'onscious  and  involuntary,  wo  call  tliem  volitional, 
Bficondarily  automatic,  and  automatic.  If  any  one  likes 
lu  say  tlio  Injit  are  due  to  latent  consciousnos-t,  I  sliall  not 
object.  I  only  point  to  the  fact  that  the  differences  here 
specified  are  .timply  differences  of  degree  —  all  the  actions 
are  those  of  the  sentient  organism. 

60,  Picture  to  yourself  this  sentient  organism  inces- 
santly stimulatetl  fr'.)tn  without  and  from  witliin.  and 
actjasting  itself  in  response  to  such  stimulations.     la  ttw 
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bleoding  of  »tiinuUtions,  modifying  and  anesLing  eacli 
other,  there  U  a  fluctuacing  "composition  of  forces,"  willi 
evei^van'iag  n-aultaiits.  Itusitics  tUe  stream  of  direct 
SlimdnUoiid,  there  is  a  wider  stream  of  indirect  or  repro- 
duced stimulations.  Together  with  the  present  scneatiou 
there  is  always  a  more  or  less  complex  group  of  revivMi 
licDitatiuDS,  thu  one  group  of  neunil  tR-tiiurs  bving  oi;i{ui)i- 
rally  stimulated  by  the  otlier.  An  isolated  excitation  is 
impossible  in  n  cuiilinuous  nervoua  tissue;  nii  isolated 
feeling  is  impossible  in  the  consensus  w  unity  of  the 
sentient  organism.  The  term  Soul  is  the  [>ersouilication 
of  this  complex  of  pruioiit  aud  revived  focliu<p;,  and  is 
the  siibstmtiim  of  Conscioiisness  (ia  the  general  sense), 
all  the  particular  feelings  being  ita  ttalet  To  rwjH-at  an 
illuatmtion  used  in  my  first  volume,  we  may  compare 
Coniiciousnefis  to  a  tuMn  of  stationary  wave«.  If  the  sur- 
face of  a  lake  be  set  in  motion  each  wave  diflusea  itself 
over  the  whole  suiface,  and  finally  rbuvlies  tlie  slioras, 
whence  it  is  reSected  back  towards  the  centre  of  tlie  lake. 
Tliis  reflected  wave  is  met  by  the  fresli  incoming  waves, 
tliere  is  a  blending  of  the  waves,  and  their  product  is  a 
pattern  on  the  surface.  This  pattern  of  stationary  waves 
is  a  fluctuating  pattern,  because  of  the  incessant  arrival 
of  fresh  waves,  incoming  and  retlecled.  Whenever  a  fnali 
strt-am  enters  the  lake  (L  e.  a  new  sensation  is  excited 
from  without),  its  wavea  will  at  first  ))ass  over  the  jiat- 
teni,  netllier  di-^turbing  it  nor  being  disturbed  by  it;  but 
after  reaching  the  shore  tlie  waves  «-ill  be  reflected  back 
towards  the  centre,  and  there  will  more  or  less  modifjr 
the  pattern. 
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VOLUST-IBT  \SD   ISVOLUSTARY  ACTIONS. 


CI.  Mcca  of  what  lias  been  said  iu  the  preceding 
cbuplcr  respecting  the  passive  side  of  the  organism  is 
equally  uppUcnblc  to  tlio  kclivo  aide.  Our  actions  are 
classed  as  voluntary  and  involuntary  mainly  in  reference 
to  their  lieing  consciously  or  unconsciously  {icrfurmcd ; 
but  not  wholly  so,  for  there  arc  many  involuntary  actions 
of  wltich  we  are  distinctly  conscious,  and  many  volurtlary 
actions  of  nliich  wu  arc  ut  timvs  sub-conscious  and  un> 
conscious.  I  do  not  propose  liere  to  open  tlio  long  and 
arduous  discussion  as  to  what  constitutes  ^''olition,  my 
present  purpose  being  simply  that  of  fixing  the  nivuuing 
of  l«rnis.  so  tliat  the  question  of  Automatism  may  not  lie 
complicated  by  their  ambiguities,  "  Voluntary  "  and  "  in- 
voluntary" are.  like  "conscious"  and  " luiconscious,"  cor- 
relative terms;  but  commonly,  instead  of  Iwing  under- 
stood as  indicating  diflerences  of  decree  iu  plR'iiomcna 
of  the  same  order,  they  are  su[ipoaed  to  iudicato  dilfer- 
enees  of  kind  —  a  new  agent,  thtj  Will,  being  uudurstood 
in  tlie  one  case  to  direct  the  Mechanism  which  suffices 
witJiout  direction  in  the  other. 

62.  This  interpretation  is  unphysiological  and  nnpey- 
chfllogical,  .since  it  overiooks  the  fact  that  Ixith  voluntary 
tmd  involimtary  actions  belong  to  tlic  same  order  of  phe- 
nomena, i  e.  tbose  of  the  sentient  organism.  Both  in- 
volve the  same  t^tntnt  cause,  i.  o.  oo-oi»era»t  conditions. 
We  draw  a  line  of  demarcation  between  tho  two  abstrac- 
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tioRs  —  as  between  all  abstractions — bul  tbe  concrete 
piooGSses  tlicjr  6>'mboIize  Imve  no  such  demarcation. 
Just  as  tiie  tbought  which  at  one  nioiueiit  passea  uu- 
cuiiscioualy,  nt  atiothcr  consciously,  is  iii  itself  Ute  same 
lliought.  and  the  same  neural  process ;  so  the  action  which 
at  one  moment  is  vohintaiy,  and  at  another  iiivoluntaiy, 
is  itS4^'lf  the  sanm  action,  performed  by  the  aame  mechan- 
ism. The  incitation  which  precedes,  and  tho  feeling 
which  aceompaiiii-s  tho  action,  belong  to  the  accessor)* 
nrachanisms.  and  may  be  replaced  by  other  incitatioiis 
and  otJicr  feelings ;  aa  the  fall  of  sn  apple  is  the  same 
event,  involving  the  same  (.-onditions,  i.  e.  efficient  cause, 
whether  the  occasional  cause  lie  a  giiat  of  wind  w  the 
gvdener's  scisson.  and  wliether  the  fall  be  seen  and 
beard  or  not  I  may  utter  words  iutcnlionoUy  and  eon- 
•ciously.  an<i  I  may  utter  the  same  words  autoroatieally, 
UDconsctoiLsly ;  I  may  wink  vdtiiitarily,  and  wink  ill- 
voluntarily.  Tliere  are  terms  to  express  Uiese  differ- 
ences ;  but  they  do  not  exprem  a  difTerciioc  in  Ute  efficient 
ngtnciea. 

63.  Many  writers  seem  to  think  tlist  tho  involuutary 
actions  belong  to  the  physical  mechanical  order,  because 
they  are  not  stimiilatwl  by  cerebral  incitation-i,  and  can- 
not bo  regulated  or  controlled  by  such  incitations  —  or  as 
tho  [wychologists  would  say.  because  Condciousness  in 
the  form  of  Will  is  no  a-^nt  prompting  and  rvgulating 
such  actions.  Hut  I  thiuk  this  unlennble.  Tho  actions 
c«mnol  belong  to  the  mecluinical  order  .w  long  as  they  are 
the  actions  of  a  vital  mechanism,  and  so  long  as  wo  admit 
tbe  brood  disttnotion  bewe«D  OTganisma  and  an<Hgani8m& 
Whether  thoy  liava  the  special  charactor  of  Coiwciousncaa 
or  not.  Ihcy  have  the  general  character  of  sentient  actions, 
bein^  thos4.>  of  a  leolJoBt  mechanism.  And  Uits  Ijecomoa 
the  more  evident  when  we  consider  the  gradations  of  tbe 
benomeoa.    Many,  if  not  all,  of  those  actions  which  are 
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classed  under  the  invoIititUry  were  ortginaDjr  of  the  vol- 
iiiilarv  cl».s:»  —  villier  in  tliv  iiidividuul  or  his  anceston ; 
bnt  iiavittg  liet-omo  permaiieiitly  orgaoizud  dUpositioos  — 
Ute  jtalliways  of  siimulatioa  and  reaction  having  been 
dolinitely  eslablishud^ — -  thuy  haw  lu^l  thul  vulitionid  ele- 
ment (of  hesitation  and  choice)  which  implies  regulation 
aod  control.  But  uvon  here  a  nlight  cltan)^  lu  the  habit- 
ual conditionn  will  iiiti-odiice  a  disturbance  in  the  process 
which  may  awalwni  CouMciousneits,  and  tlie  aenae  of  eflort, 
sometimes  even  causinj;  control  An  in^Unaiw  or  kd 
automatic  action  luuv  be  thus  changed,  or  arrested.  Take 
M  an  example  one  of  tJie  unequivocally  automatic  acliow, 
tliat  of  Breallitiig.  It  in  calh:?d  antomatic  because,  like 
Uio  actions  of  nn  autouiatoti,  it  is  performed  by  u  deli- 
nitely  constructed  mechanism,  always  woriiiog  in  titt 
same  way  whon  slimuliiUid  and  left  to  itAelf.  There  must 
of  cout^e  be  a  sense  of  clVort  in  every  impulse  which  liM 
resistance  to  overcome,  organs  to  be  moved ;  but  tiut 
mechanism  of  Itreatbing  is  so  delicately  atljustvd,  that 
the  sense  of  effort  is  reduced  t«  a  minimum,  nn<I  we  are 
unconscious  of  it,  or  sul>-coD8cioii«  of  it.  Ncvui-thcluss. 
without  altering  tlic  nitc  or  amplitude  of  the  iospinilions 
and  expirations,  we  become  distinctly  conscious  of  them, 
and,  moreover,  within  c«rt!iiu  liiuiu  w«  can  control  Ihcm, 
so  Uiat  the  Ba'athiug  passes  from  the  involuntary  to  the 
voluntary  class. 

G4.  Pass  on  to  other  examples.  Wliat  action  can  be 
mon.^  involuntary  than  the  rhythmic  movements  of  the 
heart  and  the  contractions  of  the  iris  ?  Comparud  with 
Un>  actioua  of  the  tongue  or  limbs,  those  seem  riveted  by 
Ml  iron  necessity,  freed  from  all  cnu^otisne^s  and  con- 
trol. Yet  tlie  movements  of  the  heart  arv  not  ouly  stim- 
ulated by  sensations  and  thon^ht'),  they  are  abo  ca|)able 
of  being  fell ;  and  the  mowmeuls  both  of  hoart  and  iris 
*re  not  wholly  removed  from  our  control.  That  we  do 
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of  the  hands.  We  liare 
direction  in  the  movemi-iil.'il 
them  nbedieiit  to  our  will ; 
of  slow  laborious  growth, 
toes  aa  we  use  our  fingers  —  I 
with  them,  vre  stiould  find  i\ 
trol  the  iDOvemenM  of  the  t<| 
to  contract  the  iris,  or  causc| 
breuk  forth.  Certain  movonie 
lo  us;  but  unle»s  the  loss  H 
necessary  tlmt  we  should 
and  slowly  ncrjuired  movemeDt 
them  than  Uie  young  infant  ca; 
men  and  women  have  written 
their  toes.  AM  that  is  requi 
shoukl  be  established  between' 
br  continual  practice  these  1 
what  is  impossible  to  the  maj( 
to  the  individual  who  has  • 
same  power  can  he  Eicquircd, 
organic  actions;  neverthelessi 
do  not  lend  tov 
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gent  necMli^  which  would  create  such  a  power  being 
rare ;  and  rare  also  are  the  examples  of  those  who  have 
auy  coiilrol  over  the  movement  of  tlie  iris,  or  the  action  , 
of  a  gland ;  htiL  both  rarities  exist. 

It  would  be  difficult  to  choose  a  more  striking  example 
of  rctkvt  action  than  the  conlTOction  of  the  iri«  of  the  eye 
under  the  stimulus  of  light;*  and  to  ordinary  men,  hav- 
ing no  link  established  which  would  i^tiide  tlit-in,  it  i» 
utterly  impossible  to  cIobk  the  iris  by  any  elTort,  It 
would  be  not  less  impossible  to  tlie  hungry  child  to  get 
on  the  chair  and  reach  the  food  on  the  tabk-.  until  that 
child  liud  kamtd  how  to  do  sa  Yet  tliere  are  men  who 
have  learned  how  to  contract  the  iris.  The  celebrated 
Fontaua  had  this  power;  which  is  possessed  also  by  a 
medical  man  now  living  at  Kilnmrnock — Xir.  I'axton  — 
a  fact  authenticated  by  no  less  a  person  than  I>r.  Allen 
Tbomsoat  Dr.  Paxton  can  contract  or  expand  the  iris 
at  will,  without  changing  the  position  of  his  eye,  and 
without  an  effort  of  adaptation  to  distance. 

To  move  the  eai^  is  impi:>£5iblu  to  most  men.  Yet 
some  do  it  with  eaae,  and  all  could  learn  to  do  it.  Some 
men  have  learned  to  "ruminate"  their  food;  othere  to 
vomit  witli  ease ;  and  some  are  said  to  have  the  power  of 
perspiring  at  will.  \  Xow,  if  once  we  recognize  a  link  of 
sensation  and  motion,  we  recognize  a  jKissible  source 
of  control ;  and  if  the  daily  needs  of  life  were  such  that 
to  fulfil  some  purpose  the  action  of  the  heart  reijuired 
control,  wc  should  Icam  to  control  it  Somp  men  have, 
without  such  needs,  learned  how  to  control  it.  The 
eminent  physiologist,  E.  F.  Weber  of  Leipzig,  found  that 

■  Thi:  i>nnIritclioD  may  K'  t'Tvclcil  in  tlio  eye  out  ot  llie  organtani. 
Sf«  [).  '229.     It  h  tbcn  no  rellcx. 

t  OSaagmo  Jfntiaat  Journal,  189T,  p.  4S1.  Sm  alio  further  on,  note 
loji.  isa. 

t  Mavra,  liie  Ktanrntanrrgaaitatien  tfw  SecUnoryant,  p,  IS,  la  tha 
authority  for  the  lut  itatcmdiL 
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Ue  coahl  completely  clieck  th«  beating  of  his  betut.  ^y 
SBspetKliag  bi*  bn»Ui  awl  violently  oontnctiu"  liis  chest, 
be  oouM  retard  the  pulsations;  and  aft«r  Liiree  or  6ve 
beats,  uiiuccompanied  by  any  <A  tli«  luual  muudd,  it  waa 
coiQplfitely  still.  On  one  wuca«ioii  be  carried  thv  exiveri- 
mcJit  Um  for,  aitd  fell  into  a  syncope.  Cbeyue,  io  the 
last  ceutury.  recorded  the  «n«e  of  a  patient  of  his  own 
w)io  ctmld  at  will  <iuapen<I  the  beating  of  bis  poise,  aod 
always  fainted  nbcn  be  did  so, 

65.  U  tiius  appears  that  even  the  ocUoiis  which  most 
distinctly  bear  Uie  chaiHct«r  recogoized  aa-  tuvolnntary 
—  uticoutrcillable  —  are  only  so  because  the  urdiuary 
[«oc?ss<»  of  life  funitsli  no  necessity  for  tlieir  controL 
We  do  not  leam  to  control  theio,  though  we  could  do 
so,  lo  soiui;  v\tjjiiti  nor  do  we  \ntTn  to  oonlrol  the  mo- 
tioos  of  our  ears,  ollhough  we  could  do  so.  And  whilu 
it  appears  tliat  th«  involuntary  actions  can  beoome  vol> 
vntaxy,  it  is  familiar  to  oU  tJiat  the  voluntary  actions 
tend,  by  coostonl  repetition,  to  bocoue  involuntuy. 
Thus  involuntary  actions,  under  certain  limitations,  may 
be  contrtillud ;  on  the  other  iiand,  llie  voluutaiy  are  io- 
capable  of  bein;;  controlled  under  the  urgency  of  direct 
stimulatiou.     Both  are  reflexes 

Inasmuch  as  almost  all  actions  are  the  products  of 
Htiinulated  ner\'e-«t:Rtres,  it  is  obvious  that  tliese  actions 
are  n>floK  —  reflected  frum  those  centres.  It  matters  not 
whether  I  wink  because  a  neiisation  of  dryness,  or  bo> 
cause  an  idea  of  dan-^r.  causes  the  eyelid  lo  close:  tlic 
act  is  equally  reflex.  The  nerve-centre  wliich  supplies 
the  eyelid  with  its  nerve  has  bet^u  «tiinulalud ;  tlie  stim- 
lUi  may  be  various,  the  act  is  uniform.  Al  one  time  the 
stimulus  is  a  seusation  of  dryness,  at  another  an  idea 
of  danger,  at  another  the  idea  ot  coniinuoioatiitg  by 
moana  of  a  wink  with  some  one  present;  in  each  case 
the  stiuulus  is  reflected  io  a  muscular  contracliou.    Sen- 
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aatJons  excite  otbcr  sensations ;  ideas  excito  other  ideas ; 
and  one  of  these  ideas  may  issue  in  an  action  of  controL 
■tut  the  restmiiiitig  power  ii  limited,  aod  cannot  resist  a 
certain  dcgi-eo  of  urgency  in  the  original  stimulus.  I 
lan,  for  a  time,  restrain  the  act  of  winking,  in  ajiite  Df  the 
s(;Dsut  ion  of  dryness ;  but  the  reflex  which  sola  ^uin<;  this 
restraining  action  will  only  last  a  few  seconds;  after 
which,  the  urgency  of  the  external  stimulus  is  stronger 
than  that  of  the  reScx  fvuhng  —  thu  sensation  of  dryness 
is  more  im|>erious  than  tlie  idea  of  resistance  —  and  the 
eyelid  drops. 

If  a  knife  be  brought  near  the  arm  of  a  man  who  has 
little  confidence  in  tlie  friendly  intentions  of  him  thnt 
holds  it,  he  shrinks,  and  the  alirinking  is  "  involuntary," 
i.  e.  in  spite  of  his  will  Ijct  him  have  confidence,  and 
he  does  not  abrink,  even  when  the  knife  touches  his  skin. 
The  idea  of  danger  is  not  excited  in  the  second  case,  or 
if  excited,  is  at  once  hanislied  by  another  idea.  Yet  this 
very  man,  who  can  tlins  repress  the  involuntary  shrink- 
ing when  the  knife  approaches  his  arm,  cannot  rL-prcss 
the  involuntary  winking  when  the  same  friend  approaches 
a  finger  to  his  eye.  In  vain  he  prepares  himself  to  resist 
that  reflex  action ;  in  vain  he  resolves  to  resist  the  im- 
pulse; no  sooner  does  tlie  finger  approach,  than  down 
tiashes  the  eyelid.  Many  men.  and  most  women,  would 
l)c  ertually  unable  to  resist  shrinking  on  Ihe  approach  of 
a  knife :  the  association  of  the  idea  of  danger  with  the 
knife  would  bear  down  any  previous  resohitii>a  not  to 
shrink.  U  is  froia  this  cause  that  timorous  women  trem- 
ble at  tlie  approach  of  tireamis.  An  association  is  cstab- 
lidicd  in  thuir  minds  which  no  idea  is  powerful  vnougb 
to  loosen.  You  may  assure  them  the  gun  is  not  loaded ; 
••  that  makes  very  little  difference,"  said  e  naive  old  lady 
to  a  friend  of  mine.  They  tremble,  as  the  child  trembles 
when  he  sees  you  put  on  the  mask.    These  illustiatioDS 
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sbov  that  the  nr^ocy  of  any  one  idea  may,  Uke  the  ur- 
gency of  a  senBation,  bear  ilowii  Uie  resistance  offerHl  l^ 
some  utlior  idea;  as  the  previous  illuslnitiODS  slioffcd 
that  an  idea  conld  restrain  or  control  the  action  which  a 
sensation  or  idea  would  othcrvrUc  have  produced.  Ac- 
cording to  the  doctrines  current,  the  WiU  is  said  to  be 
opcrativti  wlieti  an  idea  dctennines  an  action ;  and  yet  all 
would  agree  that  the  winkii^  which  was  involuntary 
when  the  ide»  of  danger  determined  it,  was  volantaiy 
when  the  idea  of  communicating  with  an  accompUoo  in 
some  mystification  determined  it. 

66.  Tliore  in  no  real  and  essential  distinction  between 
voluntary  and  invoUinfary  actions.  They  all  spring  ftom 
Sensibility.  They  art'  all  dctennlnud  hy  feeling.  7t  is 
convenient,  for  common  purposes,  to  designate  some  ac- 
tions as  voluntary  ;  but  this  is  merely  a  convcnienoe ;  no 
psychological  noi  physiological  insight  is  gained  by  it ;  an 
analysis  of  the  process  discloses  no  clement  in  a  volun- 
taty  action  whicli  is  not  to  be  foimd  in  an  involuntary 
action  —  except  in  the  origin  or  decree  of  stimulation. 
In  ordinary  language  it  ia  conveniont  to  mark  a  distinc- 
tion between  my  raising  my  arm  because  i  will  to  raise  it 
for  some  defliiite  purpose,  and  my  raising  it  because  a  bee 
has  stung  me ;  it  is  convenient  to  say,  "I  u-iU  to  write 
this  letter,"  and  "  tliis  letter  ia  written  against  my  will  — 
I  have  no  will  in  the  matter,"  But  Science  is  mora  exact- 
ing wben  it  aims  at  being  exact;  and  the  philosopher, 
analyzing  these  complex  actions,  will  find  that  in  each 
case  certain  muscular  groups  have  been  set  in  action  by 
diffcn-nt  sensational  or  ideational  stimuli.  The  action 
itself  is  that  of  a  neuro-rouscular  mechanism,  which 
mechanism  works  in  the  same  u-ay,  whatever  be  Iho  source 
of  the  original  impulse.  The  stimulation  may  be  incited 
directly  from  the  periphery',  or  indirectly  from  a  remote 
centre ;  and  the  action  may  bo  arrested  by  u  pcriphoml  or 


AKIMAL  AUTOM-VTISM. 


423 


central  stimulntioii :  tho  reflex  which  OTdinarity  follows 
the  excitation  of  a  wnsorj'  nen'd  will  b«  modiliix],  or 
arrested,  if  snmo  other  lurve  I)c  at  Uie  same  time  etimu- 
lated.     (St-o  Law  of  Amsi.  Prof'.  11,  §  190,) 

B7.  All  actioiui  are  reflex,  all  are  the  operations  of  a 
ini>cliftiiisiii,  all  are  iicntJonts  iwcnuRe  the  meHiariLim  lias 
Sensibility  as  its  vital  property.  In  thiis  preserving  thu 
iDt^rily  of  the  onkr  of  vital  phenomena,  and  keeping 
them  clasBified  apart  from  physical  mul  cheiiiicnl  pli«iiont- 
ciin,  we  by  no  means  set  aside  the  useful  distinctions  ex- 
pressed in  the  terms  voluntai^-  ami  involuntary  ;  any  more 
than  we  aet  aside  the  distinction  of  vertehmto  and  inver- 
tebrate when  both  urv  classed  under  Animal,  and  sepa- 
rated from  Plant,  or  Planet 

The  mechanisms  of  the  s]>eci«l  Senses  respond  in  spe- 
cial reactiona;  the  mechanisms  of  special  actions  have 
also  tlieir  sevend  responses.  TIm;  tail  responds  to  stimu- 
lation with  lateral  movements,  the  dieat  with  inspiration 
and  expiration,  uuil  »o  on.  These  tesponseit  are  calle<l 
automatic,  and  have  this  in  common  with  the  actions  of 
automata  that  they  are  nnifonn.  and  do  not  need  the 
co-operation  of  Consciousness,  though  they  do  need  the 
opemtion  of  Sensibility,  and  are  thereby  distinguished  from 
the  actions  of  automata.  The  facial  muscles,  and  tho 
limbs,  also  respond  to  stimulation  in  uniform  ways,  but 
owing  to  tlie  varieties  of  stitnnlatian  the  actions  are  more 
variable,  and  have  more  the  character  of  volitional  move- 
ments. With  this  j;rcater  freedom  of  possible  action 
comes  Uie  eniii>cntly  mental  character  of  choice.  In  the 
cerebral  rebeanutl  of  an  act  not  yet  performed  —  its  men- 
tal prevision  — as  when  wc  intend  to  do  something,  yftt 
for  the  moment  aixest  the  act,  so  tJiat  there  is  only  a  nas- 
cent  excitAtJnii  of  the  motor  process,  there  is  a  peculiar 
state  of  Consciousness  expressive  of  this  state  of  the 
mechanism:  we  call  the  prevision  a  mofire  —  and  it  be- 
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comes  a  mohr  when  the  intention  is  renlizcd,  the  nascent 
oxciUitioii  Wcouira  uti  utivlicckcd  impulsu.  Tb«  abstract 
of  all  motives  wo  call  Will  A  motive  is  a  votitioo  in 
Uie  sphere  of  the  IntclJect.  In  the  sjiliupe  oT  Eiiiolion  it 
is  a  motor.  IIcuco  we  uever  epeak  of  the  Will  of  a  mol- 
lasc.  or  che  motives  of  an  insect,  only  of  tl>eir  si-iisations 
and  motora.  Yet  it  is  obvious  that  tho  reflex  in  operatitm 
when  a  Hitail  flhriuks  at  the  approacb  of  au  object  ia  eMen- 
(ially  similar  to  the  rotlvx  in  ojwmtiou  whvn  llic  babjr 
shrinks,  and  tliia  again  ia  stilt  more  similar  to  that  in 
operation  when  Uie  l>ny  shrinks :  Ute  boy  has  thu  idea  of 
danger,  which  neither  buby  nor  snail  can  have ;  the  idea 
is  a  motive,  wliich  can  Ije  controlled  by  another  idea ; 
the  baby  and  thu  snai!  ciiii  have  no  aach  motive,  no  sttch 
control  —  are  they  tlierefore  automata  ? 

68.  If  I  aw  that  a  donkey  has  wandered  into  my  gar- 
den, the  motive  which  determines  me  to  take  a  stick  and 
with  it  drive  the  donkey  away  is  a  cerebral  rehearsal  of 
the  effects  whicii  will  follow  my  act.  Tlie  .sight  of  the 
donkey  has  roused  disa^n'eeablo  feelings,  and  these  suggest 
|w»aiblv  means  of  alleviation ;  out  of  these  possibilities 
—  reproductions  of  former  experiences — I  choose  one. 
But  if  I  seixo  the  stick  with  which  some  one  is  threaten- 
ing me,  I  do  not  [lauso  to  choose,  I  snatch  automatically 
witbont  hesitation.  Yet  this  unreflecting  automatic  net 
ia  itself  as  truly  volitional  as  my  seizing  the  stick  bo  drive 
away  the  donkey  —  it  is  the  motor  whicli  has  been  organ- 
ized in  roe  by  previous  experiences  —  it  is  the  conse- 
<)uenoe  of  an  emotion,  not  of  a  deliberation ;  and  it  Itas 
not  been  detcnnined  by  »Tiy  clear  previiiion  of  conse- 
qnenoes.  Feeling  inspiies,  iind  feelin"  guides  my  mo\'<o- 
ments,  so  that  if  my  snatch  has  missed  the  stick,  I  snatch 
again,  or  dtick  nnder.  This  is  the  kind  of  Volition  we 
ascribe  to  animals  It  is  a  great  i>art  of  our  own.  By 
insensible  degrees,  acta  which  originally  were  prompted 
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by  motives  sink  into  Uie  automatic  class  prompted  \>y 
motors.  When  an  angry  man  snatches  up  ii  kuifi;,  doffs 
byiitundurs  aside,  iind  ru»lie»  on  Iiis  enemy  to  stab  him,  he 
does  not  distinctly  preiigiirB  the  final  result,  lie  only  obeys 
ciicli  motor,  and  ia  conitcions  of  each  step ;  but  had  he 
planned  the  murder  lie  would  have  foreseen  the  end,  and 
this  [ireviaion  would  have  been  the  motive.  The  angry 
man  ia  struck  with  horror  at  the  sight  of  the  bleeding 
cor|^e,  and  passionately  declares  he  did  not  mean  to  kill. 
Kor  did  he  will  the  eonseituciKe*  of  Ids  act,  yet  ho  cer- 
tainly willed  each  separate  step  —  he  re<:ognized  the  knife, 
Mw  the  bystanders,  knew  they  woidd  inlvrrere  with  him, 
willed  to  push  tliom  aside.  Ue  may  be  right  in  declaring 
thut  the  act  was  involuntary ;  but  assuredly  it  was  not 
purely  mcchmiicaL 

69.  Again,  we  are  not  conscious  of  the  separate  sensn- 
tions  which  guide  speech  or  writing ;  we  cannot  properly 
be  said  to  will  the  utterance  of  each  tone,  or  the  foruift- 
tion  of  each  letter.  Are  these  processes  mechanical  and 
not  volitional  f  By  no  means.  We  know  that  they  were 
laboriously  learned  by  long  tentative  effort*,  each  of  which 
was  accompanied  by  distinct  consciousness.  We  also 
know  that  now  when  the  mechanism  is  so  easy  in  its 
adjustment  as  to  suggest  automatism,  there  needs  but  a 
slight  alteration  in  tlic  conditions  to  make  us  distinctly 
conscious  of  Ute  processes  —  the  wrong  word  spoken,  or 
one  letter  ill  formed,  sufBces  to  nrreat  the  easy  working 
of  the  mechanism.  A  similar  mechanism  operates  in 
thinking,  which  also  lapses  from  the  conscious  and  volun- 
tary to  the  unconscious  and  involuntary  state.  The  logi- 
cal process  of  Judgment  is  as  purely  a  reflex  from  one 
■leuml  group  to  another,  as  the  physiologtoil  process  of 
co-ordination.  In  ordinary  thinking  we  are  as  little  con- 
scious of  the  particular  steps  —  our  interest  being  cuncen- 
tnited  on  the  result  —  as  we  are  of  the  particular  stages 
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of  iiD  uclioii.  The  «lju«tmenU  of  tlio  mecha&ism  of  Ite- 
production  aa<I  Association  are  mi  going  by  a  motive,  and 
Aqji  going  by  psfj-chological  motora.  And  here  —  as  in 
bodily  actions — Uicre  is  often  a  conflict  bctwvcu  motive 
and  motore —  between  the  foresneii  result,  and  tbe  avail- 
able means  of  reaching  it  —  Ltiv  iiiotun  nstially  ;)revnilit^ 
beoansa  they  repreaeat  the  active  side  of  Ute  mechanism. 
Thus  when  an  oculist  wishes  to  examine  a  patient's  ey«. 
he  does  not  t«11  him  to  give  a  particular  direction  to  his 
eye,  knowing  tlmt  thu  motive  to  do  so  will  not  sufllc« ; 
instead  of  this  he  simply  moves  his  own  hand  in  ttw  de- 
sired direction,  certain  that  the  eye  will  by  retlex  irresist- 
ibly follow  it^  Xay.  there  art-  sometimes  :jueli  unoiuoties 
of  innervation  that  the  eye,  instead  of  obeying  tJie  motive, 
moves  in  a  eontntry  direction.  Meachede  mentions  a 
])atient  whose  movements  were  mostly  of  this  anomnlous 
kind:  when  he  willed  to  move  tbe  eyes  to  tlio  right,  tl>ey 
moved  to  the  left ;  when  ho  willed  to  move  them  up,  they 
moved  down.  It  was  thus  aUu  with  his  hiinds  and  feet. 
Yet  be  was  distinctly  conscious  tliat  his  intention  liad 
been  fnutrattxl,  and  thai  he  acted  "  because  he  could  not 
help  it."*  How  insensibly  a  motive  sinks  into  a  motor, 
tliat  is  to  say.  a  voluntary  into  an  involuntaiy  act,  may  be 
lecognized  in  speech,  writing,  singing,  walking,  etc.,  and 
in  the  incessant  movements  of  the  eye  in  fixing  objecta. 
Aubert  has  well  remarked  that  we  only  give  definite 
movements  to  the  eye  when  we  wish  to  see  an  object 
distinctly.  Wlmoever  the  indistinct  vision  suffices  — 
as  in  walking  throuj^b  tbe  streets  occupied  in  couvcr- 
»ation  or  tbouglit  —  wo  make  no  such  movements;  but 
no  sooner  does  any  object  excite  our  attention,  than 
tbe  effort  to  Gx  tluit  object  at  once  excites  tbe  necessaiy 
i-cBox-t 

•  Attgantiiu  Ztitxiififl  JVr  Ptifdaairit,  IM.  31,  p.  711. 

t  AvnutT.  OfUiideBgt  dtr })kf$tal.  (•fKO',  ISTS.  p.  «33.     "Theacoo>n> 
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70.  lly  the  Will,  llieo,  we  must  tmderataiKi  the  abstrocl 
f^iii-mlizml  exine^uon  or  tho  impulses  wliiclt  dctermina 
actions,  viliea  those  impulses  have  au  ideal  prigln ;  hy 
Volitiou  the  still  more  generalized  expression  of  uU  im- 
pulses  which  dvtcrruiiiu  uctiuns.  Tito  oa«  claas  ia  that 
of  motivtx  nitli  ideal  clemeat« ;  the  otiier  that  of  vtolon 
with  scu3atiutial  or  emotional  eleuicuts.  But  both  are 
mental  states,  both  are  neuml  pruceases  in  a  sentient 
ui'gauisni ;  neitJier  is  nieclianical,  except  in  su  far  us  all 
actions  are  expressible  iu  mccbauical  t^rms.  For  conven- 
ience we  class  actions  as  rellex,  automatic,  in  voluntary, 
uncou^cious,  voluntary,  aud  conscious.  If  wc  separate  Uie 
TeRex  from  tlie  voluntary,  we  need  not  therefore  dissociate 
the  tbruier  from  SenstbiUiy ;  and  tlku  reason  why  wc  ought 
not  to  separate  it  is  that  we  know  it  to  be  senso'guided 
Irom  first  to  last,  alUiougb  the  sensatlonit  may  e«cupc  dis- 
crimiiiatioD.  The  feoliug  of  Effort,  wtiicli  was  formerly 
fL'lt  wiicu  au  action  was  performed,  tnuy  liavo  become  so 
minimized  that  it  is  too  faint  for  more  than  a  momentary 

mwlnliFti  Tiiovriiir'rit  of  t)ie  vye  is  tu  )w  roiiuilrreJ  vulunlary.  It  in  tnu 
H-o  contmiU  lliii  pii|>il  n<tlitiill  tvlriK  cunici'iua  <<t  tlitN  rniilmclinn  nfmiu- 
■■iilai  fibn>i,  Iriit  titii  htildi  gnod  for  erery  votimLirif  mvniafitt.  When  » 
jicrwiri  mint  thi;  tuiic  of  lib  vui«  lie  U  not  cniucioui  ttiut  b^  iminculnr 
contmcllon  tin  niiik<'x  liln  rtinnliR  vni'atra  iiinri'  l-^iiw  -,  he  iilUiriH  lii*  oli- 
J*rt  without  being  nwarf  of  tlie  mnin*  W  which  lie  <\opt  to.  The  mine 
ii  ii'plioiblg  tu  acoomiuixlatiiin  fur  ncur  ol^vda  nnii  to  the  contnftion  of 
the  [nipil  •rcniupanyinit  It.  Thv  (tcl  IhM  Ikit  liul  it  inUn  an  aaedaUd 
inovcmnil  dott  no(  diprirc  it  of  iU  volunlarg  charaeUf,  for  thern  l«  per- 
hftpn  tio  »[iig1(-  muBci«  which  ran  oontnirt  entiruly  by  iUclf."  Duhdkhii, 
On  Iht  Aiuimalia  cf  Aeeotnnuxlalioa,  186*.  jv  57*.  Prufcmor  Bbbk  of 
Elonn  hu  tho  nre  powr  of  contnutins  or  •llUtinfc  tho  )>a|>ll«  of  hi*  ofe 
aX  Mill  i  hsn  tJou  net  lu  moton.  When  hn  thinks  or >  rcrj  lUrk  (pDoe 
the  pnpil  illlnUw,  w'hi.'n  of  »  v/ry  bright  tjiot  the  popll  eantt^cl*,  (Kl»- 
BLK,  The  HuniaA  Mi-ul,  IS.^8,  p.  12<.)  1  Iwli-vf  IhU  lo  bo  only  m 
•■uggciKtcd  form  of  tlte  nonn«1  tendency,  lu  all  of  lu  the  mcchruilam 
1h  in  iliKpusml  (hut  tlip  fn'linfp  of  iliUtation  an  usociated  vilb  feclid^ 
(■nd  eonjin|ni'ntIy  idi'ait)  of  lUrknrw ;  wid  by  Ihin  MHociatian  «  nrTW»*1 
of  thi'  proeeu  obtniai,  u  thftt  the  idea  of  dukncui  call*  np  thc^  fivllng  It 
kymbolijcea. 
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consdousaeas.  too  evanescent  for  the  memoiy  to  retain  it ; 
yet  the  feeling  must  always  be  operant  vben  its  inechftn- 
UD)  »  ill  action,  Tliv  vusc  witli  vrhJch  the  mwhanisni 
works  doea  not  change  the  adjustment  of  i\a  elements, 
nor  alter  its  character.  The  fuciie  ttnol)tni«ivo  pcrfoim- 
■occ  of  «  Wtal  function  does  not  change  it  from  a  ntal  to 
a  mechanical  acL  Ur.  8i>encer  seems  lo  iiiv  to  express 
himself  ambiguoasly  when  he  says:  "Just  as  any  set  of 
psychical  changes  or^inaUy  displaying  Memory,  Keason. 
and  Feclmg  cease  to  be  oonscioiu,  rational,  and  emotiiMttl 
as  fast  as  they  by  repetition  grow  closely  organized,  m  do 
(hey  at  Uic  same  time  pas«  beyond  tlio  sphere  of  Volition. 
l&mory,  Jienson,  Feeling,  and  AVill  Ui-tapiietLr  in  propor- 
tion as  psychical  changes  beooiue  aatomatic"  * —  for  while 
it  is  iwrfeclly  tme  that  we  only  call  those  psychical 
changes  "automatic'*  which  liave  lost  the  special  qualities 
called  "conscious,  ruiiunol,  and  emotiooal,"  it  is  not  less 
tme  that  the)-  remain  front  first  to  last  pn/rliical  changes, 
and  are  thereby  distinguished  from  phi/neal  changes.  To 
suppose  tliut  they  pas8  frutn  tlie  psychical  to  the  ptiysioil 
l^  frequent  repetition  woold  leaid  to  the  monsttons  oon- 
clusion  that  when  a  uattimlist  has  by  laborioos  study 
become  so  familiarized  with  the  specific  marks  of  an 
animal  or  plant  that  he  can  rece^ize  at  a  glance  a  par- 
ticuUr  epGcios,  or  recognize  from  a  single  chaiactvr  the 
natore  of  the  rest,  the  rapidity  and  certainty  nf  this  judg- 
ment proves  it  to  be  a  meeltauical,  not  a  mental  act  Thu 
intuition  with  wluch  a  nuithematician  sees  the  solution 
of  a  problem  would  then  be  a  meohatiical  process,  while 
the  elow  and  bungling  hesitation  of  the  tyro  in  presence 
of  Uk  same  problem  would  bo  a  mental  process:  the  per- 
feclinn  of  the  organism  would  thus  result  in  its  d^rada- 
tton  to  the  lurel  of  a  niai'hine  ! 

The  operadoos  of  the  intulkct  may  fumt«h  us  with  an 


AinifAL  ADTOMATISM. 


429 


illustration.  Ideas  are  symlioU  of  Hensations.  The  i<leEt 
of  a  horse  U  on  ab»trnotion  easily  Craoeable  to  concrete 
nensations,  }-ot  as  ou  sbstractlon  is  so  diflcient  a  state  of 
ffcliiif!  tliat  we  only  identify  it  with  ita  concretfis  by  a 
careful  study  of  it«  stages  of  evolution,  nnmely,  Honsation, 
iina^-,  rei>roduccd  images  rssembling  yet  differing  from 
the  original  scosatiou,  a  coalescence  of  their  resetuhUuccs, 
and  filially  tlift  auhstitution  of  a.  verbal  aymbol  for  these 
iniagea.  \Vith  this  syrnbwl  the  intellect  operates,  and 
somelimea  operates  so  exclusively  with  it  that  not  the 
faintest  inice  of  imc^c  or  sensation  is  appreciable  —  the 
word  horso  takes  the  place  of  tJie  iniiigc  in  the  sequence 
of  Bcnsorial  proce»*s*,  just  as  tlie  image  takes  tJie  place  of 
the  sensation.  It  docs  this  as  ct  iieuml  equivalent  In 
the  same  way  we  substitute  verbal  .lymbols  for  a  bag  of 
sovcreigus  when  wo  pay  a  creditor  with  a  cliuck  ;  he  pays 
the  check  away  to  another;  and  Miis  monetarj*  equivalent 
passes  from  hand  to  hand  without  a  single  coiu  making  its 
ippevftacc  Does  the  tninsuction  cense  to  be  commercial, 
monetary,  in  this  substitution  of  signs  ?  \o ;  nor  dws  a 
process  cease  to  bo  psycliical  when  an  imago  is  substituted 
for  a  senKition,  and  a  verbal  symbol  for  an  image.  This 
every  one  will  admit.  Must  wo  not  go  further,  and  ex- 
tend the  admission  to  iiutoniatic  actions  wliich  originally 
wgro  voluntary,  and  have  now  lost  all  trace  of  ideal  pn> 
vision,  and  almost  nil  tmccs  of  accompanying  conscious- 
ness ?  The  miAur  nifclianism  ht»  its  nyaiiok  alto ;  in  this 
sense,  that  whereas  the  action  wliich  at  firit  nt-udud  com- 
plex sensorial  processes  to  set  it  going  and  keep  it  going, 
is  now  determined  by  a  single  one  of  those  processes 
taldng  the  place  of  their  resullant  When  a  practised 
acoonntant  runs  hi.s  eye  up  a  column  of  figures,  he  does 
not  pause  to  ixializo  the  valuos  of  those  figures  by  decom- 
posing tbe  symbols  into  their  numerical  unitA,  ho  simply 
jjroups  one  symbol  with  ouoUier  acconling  to  their  intuited' 
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relations,  and  the  liiial  result  is  reached  with  a  certaioty 
uot  loss,  and  a  rapidity  far  greater,  than  if  it  had  been 
reached  by  step-by-step  vehlicatiou.  It  is  thus  with  the 
pianoforte-player.  It  is  thus  with  all  automatic  perform- 
ances, except  those  dependent  on  the  connate  adjustments 
of  the  mechanism. 
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CHAPTEE  VI. 

TOE  PKOBLEU  STATED. 

71.  Ir  the  piMtdiDg  ntltiupt  to  disAOgage  the  queetioD 
(nra  tlie  amb^tiitaee  of  its  terms  bas  been  auccessfiil, 
we  shall  fintl  little  dit!lciilt>'  ui  riitiviiHlly  interpreting  all 
tJiB  facta  adduced  in  favor  of  Animal  AutomatiBiii,  with- 
out having  recourse  to  i\  meehoiiieal  tJieoiy  of  biolugical 
phenomena.  The  objections  to  tliat  theory  are  that  it 
eiii|ikiy7)  terms  wliich  have  very  □liiilvudiu'j  amnolalmu 
eveii  when  tbey  do  not  denvtc  pheoomena  of  widely  differ- 
ent orders ;  so  that  the  moral  repugnance  commonly  felt 
at  the  attempt  to  treat  tlie  animal  organism  as  if  it  were 
II  machine,  is  sustained  by  the  intellectiial  ropugnanco  at 
the  attempt  to  explain  biological  phenomena  on  princi- 
ples derived  from  phenomena  of  a  Bimpk-r  or^ier. 

Komark,  in  passing,  this  piquant  conti'adictioii :  the 
Automaton  theory  of  De«:arte»,  when  a])plied  to  the  ani- 
mals, generally  excited  ridicule  or  repulsion  ;  wheir-as  the 
far  more  inconsiatent  and  ineclianical  theory  of  Keflex 
Action  has  been  almost  universally  welcomed  m  n  grvat 
discovery,  though  it  banishes  the  Sensibility  which  Des- 
cartes preserved.  And  further,  tlie  philosophci-s  who 
mo«t  loudly  protetttod  against  the  idea  that  animals  were 
nuichines,  weio  the  philosophers  who  most  insisted  that 
tliese  animals  wera  made,  not  evolved  —  planned  by  their 
maker,  as  a  watch  is  planned  by  it«  maker,  with  a  dis- 
tinct purpose  and  prevision  in  the  disposition  of  evwy 
part ;  whereas  the  philosophers  wlio  most  emphatically 
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were  such  as  to  lead  tbe  mind  avt&y  from  Iho  special  con- 
ditions of  llie  vitftl  meclianiani,  and  fix  il  cxcltisively  on 
llie  geuenil  conditions  of  miLuliiuery.  Ilonoc  his  oppo- 
Dents  misunderstood  him,  and  somB  of  his  followers  made 
the  same  ovvr»i<;ht,  and  etided  by  di initiating  .sciualion 
tdtogetbtir.  In  pursuance  of  tbis  uinclianical  point  of 
view,  to  tlic  exclusion  of  tlie  biological,  Tiiought  and  even 
Consciousness  bsvo  been  climiuuUid  from  among  tbe  or- 
ganic agencies,  and  are  said  to  liave  no  more  influence  in 
determining  even  liumuu  ftcUous  tbau  the  whistle  of  tbe 
steam-engine  has  in  directing  iho  locomotive.  There  are 
thus  two  w^/a physiological  theories.  Acconbiig  lo  tbo 
one.  Consciousness  dii'ects  indeed  tbe  actions  of  the  orgau- 
UiD,  but  is  not  itself  an  oi^ganio  process  —  it  sits  a(>Hrt, 
like  a  musical  performer  playing  on  un  instruniuut.  Ac- 
cording to  tlie  other,  it  is  not  a  directing  agency,  but  aci 
accessor}'  product  of  certain  organic  proccssi^,  which  pra- 
cMWft  may  go  on  qiitt«  as  well  without  any  aceomiiaui- 
ment  and  interference  of  Consciousness. 

74.  Two  observations  arise  hera  Fiwt,  we  observe  a 
want  of  due  recognition  of  the  objective  and  subjective 
aspects,  and  their  resjwctivc  ciitoria  Secondly,  wc  ob- 
serve mental  facts  of  irresistible  certainty  interpreted  by 
raatorial  hyjiotbeses  of  questionable  value;  and  not  only 
no,  but  II  bi^IiLT  valitbty  Is  assigned  to  the  material 
hypotheses  than  to  the  mental  facts  they  aro  invented 
tu  explain.  That  we  are  conscious,  and  that  our  actions 
are  determined  by  sensatioDS,  emotions,  and  ideas,  ate 
Uct?!  which  may  or  may  not  bo  oxphuned  by  reference  to 
material  conditions,  but  which  no  material  explanation 
can  render  more  certain.  Tliat  animals  roiemble  ns  in 
(bis  as  in  other  reepectt)  is  an  induction  of  the  highest 
jirobability.  It  is  also  a  fact  that  many  actions  lake 
|(la«9i  as  we  say,  unconsciously  and  iuvoluuturity ;  and 
that  some  take  place  now  consciously,  now  unconsciously, 
vol.  tu.  10  u 
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These  facts  al«o  ine  endeaii'or  to  explain :  and  when  n-e 
find  that  8oaie  of  the  onoonscioitB  and  mvo1uDUtr>'  actions 
take  ploce  After  the  bnin  ha<i  l)e«n  remored.  this  is  inter- 
{«et«d  on  the  laateriol  hypothesis  of  the  hrEun  being  the 
sole  seat  of  «easation  sod  oonscioosness ;  and  is  urged  in 
foror  of  the  hypothesis  tltal  consciousness  cannot  he  lui 
agent  in  tJie  mechanism.  Here  the  confusion  of  objective 
BDd  ssbjective  aspects  is  pAtcnt  Conscioasnen  as  4  sub- 
jective fact  cannot  be  a  material  or  objective  fact.  Bat 
may  it  not  bo  another  aspect  of  that  which  is  objective  I 
So  long  as  we  ate  dealing  with  the  objective  aspect,  we 
lia^'e  Dothinj;  but  material  processes  in  a  material  mech- 
anisn  before  u&  A  change  within  the  organism  is  caused 
by  a  neural  stimulation,  and  the  resulting  actioo  is  n  re- 
flex on  the  musctes.  Here  there  is  simply  a  transference 
of  motion  by  a  mateiial  mechanism.  Tlietv  in  iu  thifl  no 
evidence  of  a  subjective  agency ;  there  could  be  none. 
But  when  we  come  to  investigate  the  process,  we  find 
that  it  dilTers  from  similar  proceeses  in  aiioi;ganisnu,  by 
the  necessary  co-operation  of  special  conditions,  and  among 
these  —  the  vital  conditions  —  there  are  those  which  in 
their  subjective  aspect  we  express  not  in  terms  of  Matter 
and  Motion,  but  in  terms  of  Feeling,  i,  c.  not  in  objective 
but  in  subjective  terms.  I  see  a  stone  move  on  being 
struck ;  I  also  see  a  man  shrink  on  being  struck,  and  hear 
a  dog  howl  on  being  kicked.  1  do  not  infer  thnt  tlie  stone 
feels  fts  the  man  and  dog  feet,  beceiiise  I  know  the  stone  and  ' 
the  dog  to  be  differently  constituted,  and  infer  a  corre- 
sponding difference  in  their  iwtctions.  I  infer  that  the 
man  and  dog  fee],  because  I  know  they  are  like  myself, 
and  conclude  that  what  1  feel  they  feel,  under  like  ooa- 
ditions. 

7o.  Descartes  says  that  animals  are  sensitive  antomata. 
They  aiuxtys  act  as  we  nomaima  act,  i.  e.  when  we  are  not 
conscious  of  what  wo  do,  as  in  singing,  walking,  playing 
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tho  piano,  etc.  Wc  are  snid  to  do  tJicae  things  mechui- 
ically,  automatically,  and  bence  the  conclusion  that  these 
actions  are  those  of  a  pure  mechanism.  But  it  wouM  be 
truer  to  say  t)iat  wc  never  net  mechanically,  we  always 
act  organically.  "\Vlien  ono  who  faUa  from  a  height 
throws  his  liands  forwards  to  save  hU  lietid,"  says  Des- 
cartes, "it  is  in  virtue  of  no  Talioctnation  that  he  per- 
forms this  action  "  (that  depends  on  the  rletiiiition  :  in  the 
Logic  of  Feeling  there  is  a  procesii  of  ratiocination  iden- 
tical with  that  in  the  Ijogic  of  Signs).  "  It  does  not 
depend  npon  his  mind"  (tigain  a  question  of  dcfinilioiO, 
"  but  takes  place  merely  becanse  bis  senses  being  atTected 
hy  prrsmt  dangtr"  (senses,  then,  have  a  perception  of 
danger  '>)  "  some  change  arises  in  his  brain  vi-hich  deter- 
mines the  animal  spirits  to  pass  tlience  into  tho  nerves 
in  such  a  manner  as  is  requirecl  to  produce  this  motion, 
in  the  same  way  as  in  a  machine,  and  without  his  mind 
being  able  to  hinder  it.  Now  since  we  observe  this  in 
ourselves,  why  should  we  he  so  much  astonished  if  the 
light  reflected  from  the  body  of  a  wolf  into  tho  eye  of  a 
sheej)  has  tlie  same  force  to  excite  in  it  the  motion  of 
flight  r' 

Here,  both  in  the  case  of  the  man  and  the  .sheep,  tJierc  is 
prcsupiMwed  the  very  mtmtal  experience  which  is  denied. 
The  young  child  will  not  throw  out  ita  arm  to  protect 
itself;  but  after  many  experiences  of  falling  and  stnm- 
bUng,  there  is  an  organized  perception  of  the  impending 
danger,  and  the  means  of  averting  it,  and  it  is  this  which 
determines  the  throwing  out  of  the  arms.  If  this  is  not 
a  mental  fact — a  process  of  judgment  —  then  the  logical 
conclusion  by  whicJi  a  financier  on  hearing  a  war  mmor 
orders  his  broker  to  sell  stock,  is  not  a  mental  fact^  Tho 
light  reflected  from  the  body  of  a  wolf  wonld  not  disturb 
the  sheep  unless  its  own,  or  its  inJierittd  oi^ganized  expc- 
rience  were  ready  there  to  respond.    But  this  orgaoizod 
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experiOMC^  ;<oq  »j,  eaten  into  tlM  mechaniHs !  Yes ; 
but  it  cciunt  be  tmde  to  cnlar  ti^  tbe  nwcfaaniftm  of  tax 
mtaoMtiHi,  becwne  howrer  complex  that  lueclumism 
vmy  be.  sod  hoverer  capable  of  vmriety  uf  action,  it  is 
ootutnicleil  sotetr  ibr  definite  actiaas  on  calculal^d  line* : 
all  its  Teai^jmUBcnts  ntet  hare  been  forestwii,  it  is  in- 
capalile  of  •^oaliiig  itself  to  unforcseeB  drconistaiices. 
Heme  evei;  intenuption  in  ibe  preunuiged  order  cither 
tluo««  it  out  of  geer,  or  bhngs  it  to  s  staudstiU.  It  is 
itgulaied,  not  eeU-r^alsting.  Tbe  orgenism.  on  tbe  con- 
timry  —  conspicuously  so  in  its  mora  couplcjc  fonns — is 
vmiiabK  seU-iegulatiiig,  incalcukUe.  It  baa  at/Mfttv 
luisjriatMN  (p.  331)  t«qxuiding  RMUly  end  efficiently  to 
i)av«I  !Ui>.l  unfiireseen  ciicntnstanccs;  aojMiriny  new  modes 
of  conibtiuitioti  and  lesctton.  An  automaton  Itial  vriU 
leant  by  experieuoe,  and  adapt  itself  to  cooditions  not 
calculated  fw  in  its  ron&tniction,  has  yet  to  be  mad*; 
till  it  is  uiadi',  we  must  deny  (hat  oi^nisms  are  ma- 
oliinev.  Automatism  in  the  organism  tinplivs  Metiiory 
and  Penreption.  A  sudden  cnntact — a  sudden  noise — a 
vague  form  seen  in  the  twilight  will  excite  the  nKctian- 
ism  accOTdin<;  to  its  or^nized  experien<;ca.  We  start 
automaticallT,  before  we  automatically  intoq>r«t  the  caoae; 
we  start  fitst,  and  thvu  ask,  Wliul  is  tbut  ?  But  we  do 
not  always  start  at  aonnds  or  sights  which  have  no  asso- 
ciation with  previous  cx{M;rici)C«s.  Th«  child  and  t)ie  man 
both  see  the  falling  glass,  but  ttte  child  does  uot  automat- 
ically stretch  out  a  liand  to  save  the  glass.  Having  once 
loaniwl  the  action  of  swimming  or  tHlliaid- playing,  we 
autoiuattcally  execute  these ;  without  consciously  remem- 
bering tlie  rules,  vrc  unconaciously  obey  tliem ;  each  feel- 
ing as  it  rises  is  linkvd  on  to  anothi-r,  each  musdo  is 
combined  witli  others  in  a  remembered  synthesis. 

76.  Kempclcu's  chess-player  surprised  tJte  public,  but 
every  instructed  physiologist  present  knew  that  in  some 
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■way  or  othttr  ila  movements  were  directed  by  a  litimwi 
mind ;  aimply  because  no  uiochioe  could  possibly  have 
icspoiidul  to  the  unforeseen  flucttuitiona  of  the  liiiiaaii 
mind  opposed  to  it^  Evea  the  mind  of  a  dog  or  a  sava^ 
would  Ik!  incompetent  to  pass  beyond  the  range  of  its  pre* 
vious  experienctis,  incompetent  to  seize  the  signilicance 
of  nil  adversary's  movea  on  the  chessboard.  Now  just  as 
w<j  conclude  tliat  mental  agoucy  is  o^itcntinl  to  a  jiaine 
of  chess,  so  wo  conclude  llial  Sensibility  is  (tssi^ntial  to 
the  lliictu&ting  res]K)n8(^a  of  an  organism  under  nnforceeen 
circumstance)),  We  can  conceive  wi  nutomulon  do»  that 
would  bark  at  the  presence  of  a  Le^igar ;  hut  not  of  an  an- 
tonialon  dog  tljat  would  bark  one  day  at  the  beggar  and  Uic 
next  day  wag  bis  tail,  ii'nicnibcring  the  food  and  patting 
tbiit  beggar  had  bestowed.  Since  all  we  know  of  macliiiies 
forbids  the  idea  of  iheir  being  capable  of  adjusting  their 
actions  to  new  circumstance,  or  of  evokia-;  through  ex- 
perieuc«  new  powcra  of  combination,  we  conclude  tliat 
wherever  Uiis  capability  of  adaptation  is  present  there  is 
an  agency  ia  openition  which  does  not  belong  to  the 
class  of  mechanical  agencict.  (lolt^  bas  shown  that  a  frog 
deprived  of  its  brain  manifests  so  much  of  vision  as  en- 
ublcfi  it  to  avoid  obstacles  —  leaping  to  the  right  or  to 
the  left  of  a  book  placed  in  its  path.  This  l*rofeftsor 
Huxley  regards  as  purely  roechaiiiciil:  —  "Allhotigh  the 
froy  appears  to  have  no  sensation  of  light,  visible  objects 
act  upon  the  motor  mechanism  of  its  body,"  Should  wo 
not  rather  conclmle  tlint  if  the  frog  had  no  sensation,  no 
such  effect  would  follow  i  because  although  a  machine 
might  \ie  constructed  to  respond  to  variations  of  light  and 
shadows,  none  could  be  constructed  (without  Sensibility) 
to  resjiond  to  the  fluctuating  conditions  as  an  organism 
responds.*    Were  the  reflex  actions  of  the  organism  purely 

'  Descarte*  comptrM  the  uiloiat  mocliuiitni  to  thtt  of  th«  giotto 
U)il  founuina  at  Vcndllct,  the  nerve*  to  thcmUcr-Iuba:  — "LMotyvU 
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mechauical  —  I  e.  involving  none  of  those  6iictuatuig 
adjnstmenU  which  chAiacterize  SensibtUty  —  the  eiTect 
would  be  uuiform,  aud  proportional  to  the  impact ;  but  it 
is  variable,  and  proportional  to  the  static  condition  of  the 
aenrotu  centres  at  the  moment.  Exaggerate  this  —  by 
Btfyclininc,  for  instaiiM  —  and  tlic  slightest  touch  on  the 
skin  will  produce  general  convulsions.  Lower  it —  by  an 
anesthetic  —  and  uo  reflex  nt  all  will  follow  a  sliiuulua 
In  an.i»tli«iia  of  the  mucons  racmbrane,  no  reflex  of  tbe 
eyelid,  no  secretion  of  tosn,  follows  on  tlie  irritation  of 
the  membrane ;  no  sneezing  follows  irritation  of  the  in- 
side of  the  nose;  uo  vomiting  follows  irritation  of  tbe 
faucea: 

77.  Tlie  question  has  long  ceased  to  be  whether  the 
organism  is  a  mechanism.    To  the  physiologist  it  ts  this 

vit  jrimn  i|ui  ]iar  Icur  •vul  fn^wticp.  agineiit  ooiitnl  Im  oij^HM  <1m  MB^ 
rt  i\al  ]*t  i-it  iiiQvrn,  In  •Ii^lamilncnl  ik  tn  mniivnir  tu  )>liMl*un  itlTlm 
bficiiii.  aclom  riimtnn  In  parties  dii  i-errcuii  mnt  diiptM^rs.  MRt  eatimie  lea 
flrangtrs,  ijiii  rntnuit  dani  ijiu-lqunn  uih-j  dei  grotl«  dc  ccj.  fonUlim 
vauwul  fiixiiir'iiim  num  y  \miwT  W  muiivi.'iiiFDts  qui  t'y  fout  en  Icur 
pT<«dic*:  Mr  1!j  ii'y  priiTniil  cHlrorijiiVn  niurrlisut  »ur  furtamiwmnox 
tellrmcat  diipoiui,  <\ae  I'iln  a]>|l^Ol^hcrlt  iI'diic  Pl^nv  qui  w  Wgiir,  its  U 
Tont  caohor  lUiii  t»  Rjmux ;  ct  a'ili  i>iu»iit  outtn  pour  U  poiiniiiivrv,  ill 
feroiit  rtair  vvn  fax  un  Nciiliiiin  ijiii  Ics  itKriai-rriL  do  son  trident ;  ou  ■'ila 
Toiit  ileqaf!i[uc  »nln' r.»(i',  lU  ■■n  fi-niiit  wirtif  uii  luomtrr  miKii  (|aj  Imr 
vomliadD  I'nu  contm  )■  !««."—  Trait!  4i  rHotanif,  IIAt,  p.  IS.  In> 
Kcnious  u  the  compnriBon  io.  it  onlir  illnitratea  how  mnchlntN  may  Iw 
i-onatniotDil  to  iniltato  miijiinl  outioni.  t)i«aa  Klwayi  hid**  lienrJf  whfti 
a  cartoln  tpot  U  tnKUrn  u|>(>n  ;  iiid  K>-iiliiii>>  nlxjri  sfupean  when  nn- 
othi^  iq»t  ii  troddpu  ujioii.  There  is  no  fla>!tn>tlon,  nn  aMitilhilit;  <li«. 
Krning  dilTvtTDOtt  *nd  determining  variolioni.  Com}>an  the  rollnwing 
I'lpriiiKmt :  A  monkry  n**  p1ac«d  on  lh«  lahle  «Dd  •  ihrill  KbiEtlr  nudo 
cloM)  to  itac*r:  "Immi'itiiildj  the  nirwu  ptlcknl  and  the  kitimiil  turned 
with  nn  air  or  int«nie  nirpriai-.  with  cjrea  aidelj  op«aied  and  fuplU 
dllsteil,  t«  thp  dirvctioii  whviMV  tlie  taaiiA  pmcMdad.  On  if|>etition  al 
tiM  axjwrimcnl  MTcrsI  tlmni.  though  the  t>ricking  nf  the  nu  and  lh« 
tumiiiK  of  the  hend  and  tya  ooiulniitly  wi-urmi,  Ihn  look  of  lurpriaa 
Slid  dilatation  of  the  piipiU  CMud  to  be  nianifotcd." — Puuiia, 
Tht  Fuiituini  of  tin  Braiit,  1870,  p.  171.  A  mwhaniial  inonk*^  irould 
nlwiiy*  have  reBft«l  in  preciwly  the  tame  »™y  nn  nuh  itiniutiUb 
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before  all  Uiings.  To  the  psycliologittt  also  it  lias  of  late 
years  more  and  more  assumed  tfau  character;  becauae  even 
w}iDii  iic  i>oiitulates  the  existence  of  a  spiritual  entity  in 
the  organism  but  not  of  it,  he  still  recognizes  the  neces- 
sity of  n  mechanum  for  the  execution  of  the  acta  deter- 
rained  by  tliu  spirit;  and  when  tlm  psychologist  adopts 
the  theory  of  spiritual  phenomena  as  the  subjective  aspect 
of  what  objectivi-Iy  are  iiiatenul  phenomena,  be  of  course 
regards  tlio  bodily  meclianistn  and  Uie  mental  mechanism 
as  one  and  the  same  real. 

Tliis  settled,  thL'  problem  of  Automatism  may  be  thus 
stated:  (iranting  the  animal  oi^nism  te  lie  a  mnLcriul 
mechanism,  and  all  its  actions  due  to  the  operation  of 
that  mechanism,  are  we  to  conclude  that  it  i»  an  autom- 
aton essentially  resembling  the  autoumtn  we  construct, 
tlie  movements  of  which  may,  or  may  not,  be  accompanutl 
by  Feeling,  but  are  in  no  case  dctcrmitud  by  Feeling  ? 

Dcscart<?s  siiya  tlutt  auimals  are  sensitive  automata. 
Professor  Huxley  says  that  both  nninmb  and  men  are 
sensitive  and  conscious  automata ;  so  tliat  misleading  as 
the  language  of  Dcacartt-s  and  Professor  Huxley  often 
is  in  what  ita  terms  connote,  we  do  them  gri?!it  injustice  if 
we  8upi>ose  tlieni  to  have  overlooked  the  points  of  differ- 
ence between  organisms  and  machines  which  have  been 
set  forth  with  ao  much  emphasis  in  a  preceding  chapter; 
and  (hu  reader  is  recpiested  to  understand  that  without 
pretending  to  say  bow  much  the  inevitable  connotation 
nf  their  language  expresses  their  opinions,  and  how  much 
it  may  have  only  led  to  their  being  misunderstood,  my 
criticisms  are  directed  against  this  connotation  and  this 
interpretation. 
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IS   FECLIMCl   AN   AGGKTl 

^S.  Descartks  Laving  attributed  ull  niiimul  actions  to 
ft  sensitive  mechaDiam,  and  indeed  all  Imnmit  actions  to  a 
Himilsr  mechaitisiD,  endeavored  to  rtiicoiicilc  ttii^  liypotb- 
esis  with  the  irresistible  fact*  of  Couacioiisncsa  —  whicli 
assured  vs  tliat  our  actions,  at  least,  were  detenuined  by 
Feeling.  To  tliis  end  ho  assumed  that  man  had  a  spirit- 
ual principle  over  and  above  the  sentient  principle.  The 
operation  of  this  principle  was,  however, limited  toTIiougbt; 
tie  actions  thouiselvcs  were  all  performed  by  the  auto> 
matic  niechaniani ;  so  tliat,  in  strict  lofric,  ttic  conclufiion 
from  his  piemiacs  was  the  same  for  nian  as  for  animals. 

Tliis  coDcltision  Professor  Huxley  aniiomiced  iu  bis 
Address  before  tlic  British  Association,  1874*  —  to  tlio 
great  scandal  of  the  gcncml  public,  which  did  not  under- 
stand him  aright ;  and  to  the  scandal  aim  of  a  physiologi- 
cal  public,  which,  jflmngcly  enough,  failed  to  see  that  it 
was  the  legitimate  expression  of  one  of  tlieir  favorite 
theories — ^the  celebrated  Reflej:  Theory.  Xow  althongli 
it  is  quite  open  to  any  one  to  reject  tlic  premise.^  wbicli 
lead  to  such  a  conclusion,  if  he  sees  greater  evidence 
i^^nst  Iho  conclusion  than  for  the  premises,  it  is  surely 
irrational  to  accept  the  premises  as  tliose  of  scientific  in- 
duclion,  and  yet  reject  tlie  conclusion  because  it  endan- 
gers the  stability  of  other  opinions  ?    For  my  own  part, 

*  Printed  to  tbc  Artn^Uly  JUnnB,  Voreaihtt,  1671,  from  wUeh  aU 
mj  eLtaiioiu  ut  msda. 
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I  do  not  accept  the  premises,  and  my  polemic  tvill  liATe 
reference  to  them. 

79.  Professor  Huxley  adopts  certain  Theses  which 
represent  the  vieyrs  genetally  adopted  by  ph^'siologists ; 
to  wtilcli  be  ftdiljt  ft  Tbcsis  which  is  adopted  by  few,  and 
whicli  he  only  puts  fom-ard  hypothftically.  Against 
these  positious  1  place  Antithesea,  Ie«s  generally  adopted, 
but  which  in  my  belief  approximate  more  nearly  to  tlio 
inductions  of  experieooe. 


I.  There  DiQ  be  no  BniMtimi 
without  uDiiwiouauew. 

It.  Thm  tan  tw  no  coniidDiiii> 
nm  vithout  tlie  co-ojwntioii  ot 
Uiabniu. 

ITI.  .%niiBtian  nnd  Cnnsriout- 
nca*  arc  in  aoiiip  inuplicalilo  w%j 
taatA  by  uiolccuUr  rlianKO  in  the 
bmln,  follouiiig  upii  thrw  »  one 
event  fill  low*  nnntlii'r.  tltn  cmiwl 
link  botun-n  molion  and  icnutinn 
lieiiig  »  niyrtecy. 


IV.  All  lutioDsnlufh  take  ptue 
iincon«cloiiNly  nm  n1\rx,  and  rpflsx 
actlan*  arc  Ui(>  opunilion  ft  an  In- 
«ntipnt  mei'hanimi ;  they  are  ibcn>' 

fur^  «!i  luiiiily  mvcliatiical  u  tliUM 
■if  niitnnintA. 

V.  The  animal  body  In  a  reflex 
iQCohwtiwi :  cvtn  vlicn  the  Imin 
BO-np«rMM  with  llin  othrr  c^ntrM, 
nnd  prodncea  cnludouanen,  tliii 
pruduct  i>  not  an  agent  iii  deter- 
mining aclJan,  it  !*  a  culhil4cal  t«- 
anlt  of  tha  operatioB. 

18  • 


AiUUhattt. 

I.  There   ia   tenBtiou  without 

fOtllH'iuUKIIl'.<rt,        If        CUUAI'iuUSnOM 

iiisaiix  H  >])i'i'ial  mode  of  Sentience. 

II.  Thi!  co-opcmtton  of  the  bnin 
ii  only  ncccant;  for  a  ajiMial  moda 
of  Sentience  :  oihor  moAf  are  ac- 
tive wlien  the  bmin  it  iiiadive. 

III.  I'nleKS  th«  molwular 
cli»ng««  Im  limited  lu  thu  hraln  a* 
the  MoutniAl  eoune,  there  ia  no 
/Bihwinf  of  scn.ullon  or  molioD, 
no  oauital  link  between  lfa«  two ; 
hut  the  iii'iind  prncna  <>  the  Mn> 
aatJon,  viewed  ol^lirely,  Uie 
•ennUon  ia  tha  nautal  |iroe*M, 
Ticw»d  RuhjDctlrcly.  In  ihii  aa- 
tithcaii,  Neural  Proceia  is  n<rl  lim* 
{t«d  to  thv  liniu,  but  I'linipritM 
tha  wbalo  aeniitivc  ontnnUnn  a*  tha 
trident  cauie. 

IV.  All  actions  ar«  tlie  aotioaa 
of  a  nOax  u*diani»ni,  nixl  nil  ara 
Mintltnt,  tven  when  nncDnaejoua ; 
thejf  are  therefbra  never  pnrelj 
nicbhiuiiul,  but  alwajreotgaalcaL 

V.  Sentience  being  neeeaany  to 
nRei  action,  it  ia  neoaBaarily  an 


«f    %»  %$ifim  wtt  am  fmm^    JLMm  ■ 

•Ifj'fiwf  not  KSinM«r  ilQl  ffwltr  i—fifii^  he  ^ 

tmnM  '4  J*  ffviwi  >*-fc>><wl  ffiaefariwi  I  WlMftpfanriitbeiv 
UmI  WwfaWMw«iUMrUMn>iopetioriiceof  Mwia— UMt 
wfilnA  «•(  wMmnI  pltiiaw,  ay  without  pwa.  doin  m^ 
lfi((,  liiwiw  fif^tflnft,  utd  rffiljr  «niulal«  iDtelligcDOC  as  k 
Imi  aliuHJiilM  »  tiMthcuttJcuu?"  UlMt  proofs  Wliy, 
)h  Mi*  flni  ffliM,  Ui«  proof  wbidt  ii  impUed  in  tb«  "  store 
mHwhI  irnulmnlatn"  rMinim)  for  the  greater  complezitjr 

ifK  IruwIttMl  lif  Umium,  lITft,  p.  ill. 
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of  actions.  In  the  next  place,  the  proof  that  the  organism 
of  the  bnitc  is  very  diflercnt  frutn  the  mecliuiisoi  of  a 
Diarionnette.  and  is  so  much  more  Uke  the  organism  of 
niuii,  tliat  since  we  know  man  to  eat  with  plcastin-  and 
ay  with  pain,  there  is,  a  strong  presumption  that  tli« 
brute  eats  and  cries  witli  somewhat  similar  feelings. 

82.  Having  stated  the  liypolhesis,  Professor  Huxley 
sair'S  he  is  not  disposed  to  accept  it,  though  he  thinks  it 
ciiimot  bo  refuted.  Hi.s  chi<,-f  rcii^on  for  not  accepting 
it  is  tJiat  the  law  of  continuity  forbid;)  the  supposiliou  of 
any  complex  phenomenon  suddenly  appearing;  the  com- 
munity between  animals  and  men  ia  too  close  for  us  to 
admit  that  ('onsciousne^  could  a[qM>ar  lu  man  without 
having  its  boginuiugs  in  animals.  Finding  that  animals 
have  brains,  he  justly  concludett  that  they  also  must  have 
biuiii  functions ;  and  they  also  tliL'reforo  must  be  credited 
with  CouDciousncss.  This  urgumcrit  Kems  to  me  to  have 
irresistible  cogency ;  and  to  be  destructive  not  only  of  the 
automaton  hypothesis,  but  equally  of  the  hypothesis  on 
which  the  Reflex  Theorj-  is  founded.  If  the  law  of  con- 
tinuity forbids  the  sudden  appearance  of  Consciousness. 
the  law  of  similarity  of  property  with  similarity  of  struc- 
ture forbids  the  supposition  that  central  nerve-tissue  in 
one  ])!irt  of  the  system  can  suddenly  assume  a  totally 
different  property  in  another  part.  If  the  brain  of  an 
ftniniftl,  a  bird,  a  reptile,  or  a  fish  —  and  a  fortinri  if  the 
a-Hophageal  ganglia  of  an  insect  or  a  mollusc  —  may  bo 
credited  with  Sensibility,  because  of  the  fundamental 
similarity  of  these  structures  with  the  structures  of  tlie 
human  brain,  then  aurely  the  apinal  cord  must  be  credited 
with  Sensibility  ;  for  the  tissue  of  the  spinal  conl  is  more 
like  that  of  the  brain,  than  the  brain  of  a  reptile  is  like 
tlie  binin  of  a  man.  The  sudden  disappeanutce  of  all  Sen~ 
sibility,  on  the  removal  of  one  portion  of  the  centml  ner- 
vous system,  would  be  a  violation  of  Uie  law  of  continuity. 
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And  if  it  be  Raid  that  ConsciouBtioss  is  not  th«  aame  as 
SfiisibJlity,  but  is  a  specially  evolvtil  function  of  a  spe- 
cially developed  oi^«i,  the  answer  will  bo  tliul  this  is  oiily 
«  dilTcreoce  of  mode,  and  tJiat  the  existence  of  ^niihility 
is  that  which  rcndcre  the  ituloiuAlon  uud  rvflvx  theories 
untenable. 

83.  Proft'Mor  Huxley  would  probttbly  admit  tins;  for 
however  his  languajje  uisy  at  times  seem  to  point  to 
auotlicr  conclusion,  and  is  so  far  ambiguona,  be  has  ex- 
preased  the  view  Iiero  raaintaincd  with  totcnible  diatinct- 
nt«3  ill  the  following  piissfij^,  to  which  particular  attention 
is  called:  — 

-  But  though  we  may  see  reason  to  disagree  wiUi  Des- 
cartes' liypotliesis,  Umt  brutes  are  unconscious  inacluncs, 
it  does  not  follow  that  he  was  wrong  in  regarding  them 
M  automata.  Thry  vmtf  he  mart  or  tea  consciova  aatsilive 
automata ;  and  the  view  that  they  are  snch  conscious 
moohincs  is  thdt  which  is  implicitly  or  explicitly  adopted 
by  uioat  persona  When  we  speak  of  the  uctioos  of  tlic 
lower  animals  being  guided  by  instinct  and  not  by  reason, 
what  we  really  mean  is  that  though  they  feel  as  we  do, 
yet  their  actions  are  the  results  of  their  physical  organiza- 
tion. We  believe,  in  short,  that  tlicy  arc  macliin&t,  ono 
part  of  which  (the  nervous  system)  not  only  sel«  the  r«at 
in  motion  and  co-ordinates  its  movements  in  relalion  with 
changes  in  surrounding  bodies,  but  is  provided  with  a 
special  nppanttiis  the  function  of  which  is  the  calling  into 
existence  of  tlio»c  states  of  consciousness  which  are  termed 
sensations,  emotions,  and  ideAS." 

M.  To  say  that  they  are  "conscious  automata"  seems 
granting  all  that  I  demand  ;  but  there  arc  two  obji>ction- 
able  positions  which  the  phrase  ctmoeols :  first,  that  Con- 
scioosness  is  not  a  oocffioient ;  and  secondly,  tltat  Keflex 
Action  is  purely  mecbanicsL 

Professor  Huxley  nowhere,  I  think,  establishes  the  dis- 
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ttnction  between  ConsciouBuc^s  as  a  term  for  a  special 
niodu  of  Ft-eliiig,  and  Conaciousiiess  na  tlic  All-cmbniciii<; 
l«nii  lor  W!titi«ut  phtiioniciia  Ilia  language  always  im- 
plies tliat  an  action  peiforineil  uiiconaciauitly  \i  i>ciiuriiied 
mechanically  i  which  may  lie  acocplubk  if  by  uncon- 
ecioualy  be  meant  iiiaentieotly.  I  hold  tliat  whether 
€OQ8ciuusly  ur  uiicoiisciously  perTunnud,  Dm  action  is 
i'^ually  vital  and  sentient.  In  the  case  he  lias  cited  of 
a  soldier  now  living  who  is  aubject  to  periodic  nltiTua- 
tions  of  nurtnul  and  Hhiioniial  stau.-^,  iu  the  luttcr  states 
all  the  actions  being  said  to  be  "unconacioiiR,"  we  tiave 
only  to  reiid  tht:  account  to  recognize  ample  evidencu  of 
Sentience.     Here  ls  a  descriptive  passage;  — 

85.  "  His  [the  soldier's  in  the  abnormal  state]  move- 
iueDt«  remain  free,  and  bis  expression  calm,  except  for  a 
contraction  of  the  brow,  an  incessant  movement  of  tlie 
eyeballs,  and  a  chewing  motion  of  tlie  jaws.  The  eyes 
are  widu  open,  and  their  pupils  dilated.  If  the  man  haj)- 
pens  to  be  in  a  place  to  whicj^  he  is  accustomed  hit  walks 
nboiit  a«  usual ;  but  if  he  is  in  a  new  place,  or  if  obslaclos 
are  intentionally  placed  in  his  way,  he  stnmblt^s  ai^ainst 
them,  stops.and  Ihfnfttling  vetT  the.  olijWts  unlh  hin  hands, 
pasfc.'i  on  one  side  of  them.  He  ofitrs  no  rt'sisl^inco  to  any 
change  of  direction  which  may  be  impressed  upon  him, 
or  to  the  forcible  acc«ler«lion  or  rutanlatlon  of  his  move* 
iiicnls.  He  eats,  drinks,  smokes,  walks  about,  dresses  and 
luidressea  himself,  rises  and  ^oca  to  bed  at  the  accus- 
tomed  liouns.  Nevertheless  pins  may  be  run  into  his 
body,  or  strong  electric  sliocks  sent  through  it,  without 
causing  the  least  indication  of  pain ;  no  odorous  substance, 
pleasant  or  unpleasant,  makes  the  least  impression ;  he 
eats  and  drinks  with  avidity  whatever  is  iificroil,  and 
takw  osafwlida  or  vinegar  or  quinine  as  reatlily  us  wiit«r; 
no  noise  affects  him ;  and  light  influences  him  only  under 
certain  conditions." 
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Th«Te  is  no  one  of  these  phenomena  tliat  i.i  uiifamiliur 
to  Kludviits  of  mental  di-seiuie.  TIiu  cusv  is  chiefly  re- 
markable from  tlic  periodicity  of  tiie  recurrence  of  the 
abiiorniiil  stata  I  have  collected  other  cftsea  of  tJie  kind, 
aiid  may  homtflcr  find  a  filtiii"  occasion  to  quot«  tlicm.* 
The  anaesthesia  and  "  unconsciouaneiis  "  nou-d,  no  more 
prove  lliu  actions  performed  by  this  soldier  to  have  been 
purely  mechanical,  i.  e.  undetermined  by  seu»ution,  tlian 
ODMstbeaia  aud  unconsciousness  prove  somnambulists  and 
madmen  to  be  machines.  In  th«!  patlioln^ical  state  called 
"  ecstasy  "  Uiere  is  a  considerable  diminution  of  sensibil- 
ity to  external  stimuli ;  with  a  concentration  on  ccnain 
feelings,  images,  trains  of  thought,  exhibiting  its^^lf  in 
expressions  of  emotion.  "  Les  malades,"  says  a  master, 
"ponussciit  enti^rcmcnt  absoHii!s  pnr  leurs  mouvo»ivut« 
inttirieurs,  ils  refusent  g^neraleroent  de  manger,  et  sp^- 
eiolement  la  volonltJ  de  Tume  seuible  complitcment  cu- 
ohain^"  t 

86,  Observe  that  while  this  soWii-r  exhibits  such  in- 
sensibility to  certain  stimuL,  he  unequivocally  exhibits 
sensibility  to  other  stimuli.  All  his  acts  show  aense- 
^lidance.  Sight  and  Touch  obviously  rvgulntt:  Iiis  movo- 
menU.  And  when  he  feels  objects  placed  in  his  way, 
and  then  passes  beside  them,  wherein  docs  this  differ 
from  the  noniinl  procedure  of  sensitive  organisms?  where- 
in docs  it  reserablo  automata  ?  Dr.  ^[e3lllet —  from  whose 
narrative  the  case  is  cited  —  remarks  that  the  sense  of 
Touch  seems  to  peniist  "and  indeed  to  Ik;  more  acute  and 
delicate  than  in  the  norma)  state";  upon  wliich  Professor 
Huxley  has  ibis  comment :  ^ "  Here  «  diflSculty  orisoti 
It  is  clear  from  the  facts  detailed  that  the  nervous  appa- 


*  M«MiiililU  tba  ntdor  l>  TfhmA  to  iicirRJiiim  vax  dzr  Kout,  ita< 
Actofit  dtr  OtiiteikrmJlhEiUn.  1863,  p.  SI ;  or  Jkuex.  FkgiieiletU  du 
meiuelilicAfa  Denina.  IST3.  ]i.  66, 

t  Ckiuiso£B,  i,u  Xalatiitt  Menial**,  p^  B0> 
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ratos  by  which  in  Uie  normal  $tAt«  aciisatiotu  of  toudi 
are  excited  is  that  by  which  external  influences  determine 
the  movements  uf  the  Ixxly  in  the  Abnormal  state.  Hut 
does  the  state  of  consciousness,  which  we  tenn  a  tactile 
sensation,  nocimipany  the  operation  of  this  nervous  appa- 
ratus in  the  abuonnal  static  ?  or  is  consciousness  utterly 
absent,  thv  innu  Iveing  reduced  to  a  pura  mechaniHin  ?  It 
is  impossible  to  obtain  direct  evidence  in  favor  of  the  one 
vonclunion  or  the  other;  all  that  can  be  said  is  that  the 
cose  of  the  frog  shows  that  the  man  may  be  devoid  of  any 
kind  of  consciousness." 

87.  It  is  here  we  are  made  vividly  awart"  of  the  abso- 
lute need  there  is  to  disengage  tho  terms  employed  from 
their  common  ambiguities.  All  the  evidence  of  a  tactile 
sensation  which  can  possibly  be  furitlshcd,  on  tlie  objec- 
tive side,  is  fiimtHhed  by  the  actionn  of  this  soldieT ;  to 
doubt  it  would  be  to  tlirow  a  doubt  on  tlie  sensibility  of 
any  animal  unable  to  tell  us  what  it  fell;  nay.  o'veu  a 
man  if  lie  were  dumb,  or  spoke  a  language  we  could  not 
undentand,  couM  give  M  no  olhur  i)roof.  Wc  conclude 
Uiat  the  soldier  Imd  tactile  sensations,  because  we  see  him 
guided  by  them  as  we  ourselves  are  guidoxl  by  tnctile  sen- 
sations; wekiiow  that  he  is  uu  organism,  not  a  miLchine.  and 
tlierefore  reject  tlie  inference  that  ho  has  Iwcome  reduced 
to  a  "pure  mechanism"  because  it  is  inferred  that  his 
consciousness  is  absent  And  an  what  is  this  inference 
grounded  ?  1",  The  belief  that  the  brain  is  the  sole  organ 
of  consciousness  (Sentience)  —  a  belief  flntly  di8pro\-6d 
by  the  facts,  which  show  Seiilietice  when  tlie  brain  has 
been  removed;  and  2*.  the  belief  that  the  decapitated  frog, 
because  it  avoids  obstacles  and  redirects  its  Ieai»  to  avoid 
them,  does  so  without  Sentience.  jVccoixling  t«  the  defi- 
nition wo  adopt,  we  may  either  say  that  the  decapitated 
frog,  an<I  the  soldier  in  his  abnormal  state,  set  without 
consciousness,  or  with  it    But  what  does  not  seem  pei^ 


446 


IBK  PUVSICAl.  BASIS  Or  KDrSL 


■m^Ue  U  to  deojr  Uut  their  actions  exhibit  tbo  devest 
cvideaee  of  mmM-guiJaiut,  and  the  kind  of  volitiiNi  wfaidi 
tlib  Mnae-goidaooe  impUea ;  and  tliis  is  quite  eooosh  to 
sepanie  tlieni  front  actixnis  of  sotottiata.  ^^ea  a  man 
ducka  his  head  to  avoid  «  ttooe  which  t>e  lee*  falliog 
towards  him,  be  asauredly  has  s  aeiuation,  I  e.  there  ia  a 
groapiug  of  oeoral  elements,  which  Bobjectiveljr  is  a  seo- 
ntjon,  and  this  ori^oates  a  grooping  of  other  neanl 
eleinenta,  the  ouLcoiue  of  which  is  a  cnuitcular  ntovement, 
which  snbJDCtivcly  in  a  motor  sensation :  ihu  grouping 
would  not  liave  been  originated  nnlesa  the  particular 
gronptDg  luid  pnxi^cd  it ;  nor  would  the  simple  n-!inal 
stimulus  liave  excited  this  sensation  unless  the  nerve- 
centres  bad  tieen  attuned  to  such  response  by  many  pte- 
vious  experitfljces :  the  ignofsnt  child  would  not  duck  ita 
bead  on  aceing  tlie  stone  approach.  In  our  familiar  nse 
of  the  word  C'onscioasoees  it  would  be  correct  to  say  that 
the  iftan  ducks  lus  Iwad  "  unconsciously  " ;  and  yeb  ex* 
ptessing  the  fact  in  psychological  Unj^uage,  we  also  Mjr : 
He  ducks  his  head  because  rememb<erinff  the  pain  of 
former  siniilnr  exp<Tii.-nce«,  be  hwics  Ibnt  if  the  stone 
strikes  him  be  will  a^iu  be  hurt  as  before,  therefore  he 
vrUUUi  avoid  it;  expressing  it  in  physiological  language 
we  may  say :  The  man  acts  thus  becaose  he  is  so  oigan- 
izcd  that  a  particular  neural  process  is  tlte  stimulus  of  ft 
particular  nentral  disclmrge  ;  aitd  he  became  thus  oigoa- 
ized  through  a.  long  serial  of  auteiior  adjustments  re- 
spondiug  to  stimuli,  each  adjustment  being  Uie  activity 
of  the  vital  organism. 

88.  There  can  he  no  doubt  that  the  soldier  Imd  percep- 
tions, and  that  thtisiu  pcivvpliona  guided  his  movements  i 
whether  the-te  shall  l>e  c-illed  "states  of  conscions- 
nees"  or  not,  is  a  question  of  terms.  Kow  since  we  know 
that  ctriain  aetiow  nre  uHt/ormli/  roiuequeni  o»  certain 
perceptioM,  wv  arc  justified  in  inferring  that  tehmeter  the 
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aclitms  »rt  per/armtd,  the  pmtplimts  preceded  them :  this 
inference  may  be  erroneous,  but  in  the  absence  of  poailive 
evidence  to  Uic  contrary  it  is  tbat  which  claims  our  Urst 
usHent.  Is  it  evidence  to  the  contrary  that  the  perception 
may  have  9tiniuUt«d  the  action,  yet  heeu  ittmccoinpitDicd 
by  tilt!  !=pt(.iul  mode  named  consciousness  ?  Not  in  the 
lea^t.  We  leam  to  read  with  consciouii  efTort ;  CAch  letter 
lias  to  V-  niiiireliL'ndcd  wpantely,  its  form  distinijuished 
from  alt  otlier  forms,  its  value  as  a  sigti  definitely  fixed, 
yet  how  very  rarely  are  we  "conscious"  of  tlio  letters 
when  we  read  a  book!  Each  letter  is  perceived ;  and  yet 
this  proces-s  passes  so  rapidly  and  smoothly,  that  unites 
there  be  some  defect  in  a  letter,  or  tlie  word  be  mis- 
spelled, we  are  not "'  conscious  "  of  the  perceptions^  Are 
wo  therefore  reading  automata  ?• 

We  are  said  to  walk  unconticiously  at  times;  and  the 
continuance  of  the  movement  is  said  to  be  due  to  reflex 
action.  Ihit  it  is  demonstrable  that,  tlie  cutaneous  Hcost- 
bility  of  the  soles  of  the  feet  is  a  primary  condition.  If 
the  skin  be  iusensible,  the  walking  iMiromes  a  stumble. 
In  leaniing  to  walk,  or  dance,  the  child  fixes  his  eyes  on 
bis  feet,  as  he  iixv»  them  on  hi»  tingers  in  learning  to 
p]»y  the  piana  After  a  while  Uicse  registered  sensations 
eonmekd  with  the  muscular  sense  suffice  to  guide  his  feet 
or  his  Rtigere ;  bat  not  if  feet  or  fingers  lose  their  sensi- 
WUty. 

89.  With  these  explanations  let  ua  follow  the  further 
details  of  this  soldier's  abnormal  actions : — 


•  M.  I.frs  citfi  tho  duc  of  n  patUot  wlio  foiiiTtwd  ijuit*  rutiouullf 
vith  a  rbilor  "nni  m  aroir  t'DiiMricnci',  tt  no  k  souTviisil  d«  ri«li"  ; 
•ad  ha  dmwt  thi  cilraonlinary  conrluHioii  tlint  tiiv  I'uiLtvrtallon  "  Vnpi- 
nit tnTnln  da  forces  rjfltxcs."  —  Aud/rdt  Pkfmtttit^ic  ttdi  ruilalogii 
Ctrthrala,  tST4.  f-  117.  la  it  not  ubx-ious  tliul  the  [atient  Iniut  llan 
bwn  conwinus  st  thx  Xitnr,  thaiiKh  t)in  i'(iTiM-i»ii>iii-M  vnnishiil  1ik«  tliat 
In  a  dtmni  *  Th«  pcniitcnt  coinciaumtia  ii  \\\t  conttmintiH  lliikln)[  oa 
of  one  Rials  nitb  jimioiu  ttat«a  —  Uie  •ppcrceplbn  of  tkc  pait. 

CO 
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qoH  anic  Umj  MntK.  11  la  pi^  pniufaM  k  jkt- 
■iean  wfriw  li  mnm  ma  k  pnignJe  cwtft  di  ik 
eune — ilevieiit  lUiistif — lOBUe  piiUr  ramDB  —  at 
Coat  a  coof  appeOe, '  Bnri  I  les  toA  1*  Ei  alon  par- 
last  la  maiii  Aetatn  aoa  tka  eamae  poor  proodre  nae 
cutAoehe,  fl  Gut  le  taoaxMBMrt  dt  ehaigw  aao  onm',  n 
ooocbe  dna  HHrbe  i  phi  vmtn  dnts  la  paMtioQ  d'un 
ttninear,  et  aoit  avee  ranae  vpaal^  tom  les  raonvo- 
lOMila  do  r«iiiienu  qaH  enit  roir  k  conrte  distance.'  In 
a  mbaeqaetit  abnormal  period  Dr.  Mesmet  cansed  the 
patienl  to  ivpeat  Uiis  scene  bv  pladag  him  in  the  aaau 
GooditioDa.  Sov  in  tbii  cue  the  qoestion  ariaee  wbetber 
the  series  of  actions  coustitnting  this  angular  pantonime 
was  accompanied  bv  the  ordinarj'  states  of  consctonsaess, 
the  appropriate  tmins  of  iJeaa,  or  notf  Did  the  man 
dream  that  he  was  skirmishing  ?  or  was  be  in  the  con- 
dition or  one  of  Vaucanson'a  automata  —  a  mediami$m 
worUtd  iy  fiuUeular  tAanyn  in  the  nmmu  tfftlem  t  The 
analogy  of  the  fW)g  shows  that  the  latter  aasnmpttoa  ia 
perfectly  justifiable." 

90.  Boforc  orilicisiii^  thi^  conclusion  let  me  adduce 
other  ilhistrationa  of  this  dreamlike  activity.  "A  gentle- 
man whom  I  attended  in  a  state  of  perfect  apoplexy," 
■ays  AbtTcromhie,  "  was  fieqnentty  ohaeri-ed  to  adjUHt  his 
nightcap  with  the  utmost  care  wlit-u  It  gut  int^j  an  un- 
noiiifortalile  slate:  first  pulling  it  down  over  his  eyes,  and 
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tbcD  turuiog  up  tlic  front  of  it  id  the  most  exact  num- 
ner."  Accordiiig  to  the  current  teaching,  Uiese  actiona, 
wliidi  »eeiii  like  evidence  of  seiisatiou,  arc  uotblng  of  Uie 
kind,  because  —  the  patient  was  "  uncoDscious  " ;  that  is 
to  say,  because  lie  diii  not  exhibit  one  complex  kind  of 
Sensibility,  it  is  dvtiii.'d  tluit  he  exhibited  another  kind  ! 
lie  did  not  feel  discomfort,  nor  feel  the  movements  by 
wliicli  it  was  rectified' —  because  he  could  not  sjienk,  dis- 
cuss impersonal  questtous,  nor  atlvwl  to  what  was  said  to 
him !  Abercrombie  cites  otlier  cases:  "  A  gentleman  who 
was  lyinj;  in  a  stale  of  jHrftet  inatnnlilUy  from  discusc  of 
the  brain"  (note  the  phrase,  which  really  only  expresses 
the  fact  thnt  external  stimuli  did  nut  ci-eatc  ttieir  normal 
reactions)  "  was  frequently  observed  even  the  day  before 
his  death  lo  take  down  a  repating  watch  frr>iii  a  little 
bfl^  at  the  head  of  his  bed,  ]>ut  it  close  to  his  car  and 
make  it  strike  the  hour,  and  tJien  replace  it  in  the  bag 
witli  the  greatest  precision.  Another  whom  I  saw  in  a 
state  of  profound  npopluxy,  from  vrhicli  Iw  recovered, 
had  a  perfect  recollection  of  what  took  plare  during  the 
attack,  and  mentioned  many  tilings  which  Imd  been  said 
in  his  hearing  when  he  wiw  supposed  to  Ire  in  a  state  of 
perfect  unconsciouanesa."  I>r.  ^^'igan  also  tells  of  a  lady 
wliom  he  knew,  mid  who  was  actually  put  in  a  coltin, 
under  the  belief  that  she  was  dead  when  in  a  trance: 
Her  sense  of  hcarinp  was  then  pittenialnrally  ucnte. 
In  her  aecond-floor  bedroom  she  lieanl  what  the  aei^ 
vanta  said  in  her  kitchen,  When  her  liri»ther  came  to 
see  h«r  and  he  declared  slto  should  not  bo  buried  until 
putrefaction  set  in,  nlie  felt  intense  gratitude  and  a  gunh 
of  Itrndemoss,  but  was  unable  to  move  even  an  eyelid  as 
a  manifestation  of  her  feeling.  Suddenly  all  her  faculties 
returned.  Dr.  Wigan  adth*  that  he  visited  the  Countess 
Escalante,  one  of  the  Spanish  refugees,  who  remained  in 
n  aimilar  state  for  a  short  period,  during  which  the  sav 
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ber  tnutand  and  cbildren.  and  was  qoite  cooscioiu  of  all 
they  did  aod  said  —  but  did  not  recognize  tbera  as  her 
own.  She  was  absolutely  witliout  iho  powtrr  of  movuif* 
a  finger  or  of  opening  her  inoutb.  I>r.  Neil  Amutt  told 
ine  of  a  similar  case  in  bis  i»mctice-  In  tliese  last  caaes 
we  learn  that  consciouatietts  —  in  iU  ordinarjr  accepta- 
tion —  WAS  ptvMMt,  tliougb  bystanders  oouJd  see  do  trace 
of  iL  And  vciy  often  in  cases  wfaerc  Conecionsoess,  or 
at  any  rale  Senaibility,  is  clearly  manifested.  iUt  presence 
is  denied,  because  tbc  patient  on  recovering  bis  aonnal 
condition  is  qnite  unable  to  remember  anything  that  be 
felt  and  did.  Under  onassUietica  p«itieot<  uianiri'St  sensa- 
tion, but  on  awaking  tbey  declare  that  tliey  fell  notliing 
—  of  witat  value  is  their  declaration  ?  M.  IJespJne  tells 
ns  of  a  patient  tyho  tmiler  chloioform  struggled,  swore, 
and  cried  out,  "  Mon  J)ieu  !  qutjt  tottffrt !  "  yet  when  the 
opcrstliou  was  over,  and  he  emerged  from  the  cn'cct4  of 
the  chloroform,  he  rememWred  nothing  of  wliat  he  had 
felt.- 

91.  Bcturning  now  to  Ur.  Ikfesmet'9  soldier,  and  to  the 
conclusion  that  hLs  dmikinlike  act«  were  no  mure  than  the 
actions  of  one  of  Vaucanson's  automata,  surely  we  are 
jusiilied  in  concluding,  first,  that  tliesc  actions  were  not 
of  the  name  kind  as  those  of  an  automaton,  since  they 
wore  those  of  n  living  organism ;  secondly,  that  tJiey  prc- 
sent  all  the  evidence  positive  and  inferential  which  Sen- 
sibility can  present  in  the  action.?  we  observe  in  another, 
and  do  not  feel  in  ourselves ;  and  thirdly,  if  witli  phyai- 
ol0};iat3  wc  agr«e  thtit  the  mechanism  of  these  actions  is 
"worked  by  molecular  changes  in  the  ncr\'ous  system," 
tJiei-e  U  some  diflicuUy  in  understanding  how  Conscious- 
ness, which  is  said  to  bo  caused  by  such  changes,  could 

*  AnKHTitounir,  Inquirki  tmomttug  At  iHUUtctiuU  Awvn^  1810^ 
p.  ISI.  WiuAN,  Tilt  DvaXitji t^ tSt  UiAd,  1811,  p.  370.  DXBrniB,  La 
PtVcMogit  yntunlU,  1B6S.  I.  SI. 
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have  been  nlueDt  —  hovr  tbe  came  antld  operate  yd  no 
effect  be  produced. 

93.  What  automata  can  be  made  to  perform  is  sur- 
prising enough,  but  thoy  cau  mvtr  he  made  to  display 
the  Huctiiationei  of  sense-guided  actions,  such  aa  we  see  in 
the  report  of  Dr.  Mcsniet's  soldier:  — 

"The  ex-sergeant  has  a  good  voice,  and  had  at  one  time 
beeo  employed  as  a.  niugur  at  a  cafiJ.  In  one  of  his  ah- 
normal  states  he  was  observed  to  begin  humming  a  tui)& 
He  then  went  to  his  room,  dressed  himself  carefully,  and 
took  up  some  parts  of  a  periodical  novel  which  hy  on  the 
bed,  ta^  lie  uvre  tri/inj  to  find  iomdhing.  ]>r.  Aleamet, 
suspecting  that  he  was  seeking  his  music,  made  up  one 
of  these  into  a  roll  and  put  it  into  hia  hand.  He  ap' 
pmrcd  satiafied.  took  up  his  ctae,  and  went  down  stairs 
to  the  door.  Here  f)r.  Meamet  turned  him  round,  and 
he  walked  quite  contentedly  in  the  opposite  diroclioo. 
The  tyht  o/  the.  *un  shining  through  a  window  happened 
to  (all  upon  him.  and  seemed  to  suggest  the  footlyjhia  of  tlu 
stayc  on  which  he  wa.«  aci^ustomed  to  make  his  appear- 
ance. He  stopped,  opeued  his  roll  of  ima^nary  music, 
put  him.self  in  the  attitude  of  a  singer,  and  sang  with 
pi-rfect  execution  three  songs  one  after  the  oUiw,  After 
which  he  wiped  hia  face  with  his  handkerchief  and  drank 
without  a  grimace  a  tumbler  of  strong  vinegitr-and- water." 

93.  Epileptic  patients  have  frequently  been  observed 
going  through  similar  dreamlike  aclionit  iu  which  only 
those  external  stimuli  which  have  a  relation  to  the  dream 
seem  to  take  effect*  We  interpret  these  as  phenomena 
of  disifrtkn-d  mental  action,  the  burden  of  proof  lies  on 
him  who  says  they  are  phenomena  of  pure  mechanism. 
A  uudl-cooch  does  not  suddenly  cease  to  be  a  mail-ooaeh 

■  Dr.  nuOBLIliaB  Jacksok  Ium  qolU  ntcrntly  riieA  torn*  eiuimu 
I'XBinplM  in  hia  own  practlon,  Sc«  Wtst  Hidlnjj  Lunatic  Mglim  S^ 
imrt*  fir  1S7S. 
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aod  become  u  vheelfaonDW  becaose  tbe  ooachman  is 
dnink,  «r  bas  falk-u  from  Ute  l>ox.  Tbc  boracs.  do  longer 
gtudM)  by  Uw  reins,  may  dash  off  the  bigbrtwl  into  gu- 
dena  or  dilcbes ;  hut  it  1.1  their  muscular  exertions  which 
ftill  move  Uie  coach. 

C«n  any  one  conceive  an  automaton  acting  as  the  ser- 
goant  is  described  to  bo  iu  tbc  fuUowiiig  posaogeT  — 

"  Sitting  at  a  table  he  took  up  a  pen,  felt  for  paper  and 
ink,  aiu)  began  to  writ«  a  letter  U>  his  general,  in  vhich 
h«  rt/xmmendfd  kimtt^  /or  a  medal  on  account  of  his 
good  conduct  aud  ooiirage.  It  oocorred  to  ]>r.  Mesmet  to 
ascertain  experimentally  how  for  virion  was  conc«m«d 
in  tiiis  act  of  «Titiug.  ]^e  therefore  inti^rposed  a  screen  be- 
tween ibo  man's  eyes  and  his  liundii ;  under  lliCAC  circtun- 
stances  lie  went  on  wrUing  for  a  ehort  time,  but  the  itorda  be- 
eaaif  UUgihle,  and  he  fincdltf  topped.  On  the  withdrawal 
of  Uic  screen,  he  began  to  icriU  a^ain  tchere  he  had  Uft  »ff. 
llie  Bubstitulion  of  water  for  ink  in  the  inksUutd  had  a 
similar  result.  He  stopped,  loo)^  at  his  pc»,  mped  it  on 
hit  toed,  dipped  it  in  the  waU-r,  and  bL^<^n  a^n,  with  ibo 
same  effect.  On  one  occa-sion  he  b^aii  to  write  upon  the 
topmost  of  ten  saperposed  sheets  of  paper.  ^VAor  he  had 
written  a  line  or  two,  this  sheet  was  suddenly  ihawn 
away.  Their  vms  a  sli^kt  arpresaion  0/  surprise,  but  he 
continued  his  letter  on  the  second  a]>eec  exactly  as  if  it 
had  been  the  firat  This  operation  was  ropeat4-d  five 
times,  so  that  the  fifth  sheet  contained  nothiu^  but  tlie 
writer's  signature  at  the  bottom  of  tlie  page.  Xeverthe- 
lcs.5,  when  the  signature  was  finished,  his  cye»  turned  to 
the  top  of  the  blank  sheet,  and  he  went  through  the  form 
of  reading  over  Mhat  he  had  written,  a  movement  of  th« 
lips  acoompunying  each  word ;  moreover,  with  his  pen  he 
put  ut  mek  comelions  ok  v!r.Tt  lUfA^L" 

94.  Dr.  Mesmet  concludes  that  "  bis  (latient  sees  some 
things  aud  not  others ;  that  the  sense  of  sight  is  accessible 
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to  all  Uungs  wliioh  an)  brouj^ht  into  rolutioa  witb  liim  by 
tlie  sense  of  toach,  and,  on  the  contraiy,  ia  insensible 
to  ttiinga  which  lie  onUide  this  relatiou."  Id  otimr 
words,  the  sensitive  mechanism  acts,  but  acts  abDormally. 
Tills  is  precisely  what  is  observed  in  somnambulistA.  Vet 
I'rofesBor  Uiudey,  who  makes  Uio  comparison,  appears  to 
regard  both  states  as  those  in  whicli  the  otj^anism  is  re- 
duced to  a  mere  mechauiitiu,  because  on  recovering  tlteir 
normal  state  the  patienta  are  unconscious  of  wlmt  has 
passed;  and  because  the  frog,  without  its  brain,  also  mani- 
fiests  analogous  phenomena.  Neither  premise  wormnta 
ihe  conclusion.  I  have  already  touctu^l  on  the  uncon- 
sciousness of  past  actiouH ;  let  me  add  the  case  of  Fara<Iay, 
who  was  assuredly  not  an  automaton  when  he  prepan^d 
aud  delivered  a  courac  of  lectures  which  were  neverthe- 
less so  entirely  oblitei-ated  from  liis  memory  tliat  the  next 
year  lie  prepared  and  delivered  the  same  course  onoe  more, 
without  a  suspicion  that  it  was  not  a  new  one.  As  to 
the  frog,  I  must  le&ve  tliat  case  till  1  come  to  examine  the 
evidence  on  which  the  hypothftsis  of  the  purely  mechani- 
cal nature  of  spinal  action  tests. 

95.  Tli«  point  never  to  be  left  out  of  Bight  is  that 
actions  which  are  known  to  bo  pruccdcd  and  accompanied 
by  sensations  do  not  lose  tlieir  special  character  of  Sen- 
tience, as  actions  of  a  sentient  mechanism,  because  they  are 
□ot  also  preceded  and  accompanied  by  that  peculiar  state 
wfafoh  iH  Hpccially  ctdled  Consciousness,  i.  a  attention  to 
tile  passing  changes  (comp.  p.  403).  When  we  see  a  man 
playing  the  piaito,  and  at  the  same  time  talking  of  some- 
thing far  removed  from  the  music,  we  say  his  linffera 
move  unconsciously;  but  we  do  not  conclude  that  be  is  a 
musical  machine  —  muscular  sensations  and  musical  sen- 
sations regulate  eveiy  movement  of  his  fingers ;  and  i  f  he 
strikes  a  falae  note,  or  if  one  of  the  notes  jangles,  ho  is 
instantly  conscious  of  the  fact.     Either  we  must  admit 
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ihnt  his  bnin  is  an  eMcntial  part  of  the  mcchitiiism  by 
wtiicfa  the  ptODO  was  pUj'ed,  and  its  function  an  etisenttal 
agent  in  tlie  playing;  or  else  wo  muat  admit  that  the 
lirain  and  its  function  w<irc  t>ot  e«soitial,  and  therefore 
the  playing  vouM  continue  if  the  brain  were  removed. 
In  the  latter  cose,  we  nhould  have  »  miiMcal  automabon. 
That  a  particular  group  of  st-usulion!!,  such  aa  mtLsical 
tonea,  will  set  going  a  particolar  group  of  muscular  move- 
ments, without  the  inten'ention  of  any  emudota  effort,  is 
not  more  to  be  interpreted  on  purely  meohanical  prin- 
ciples, tlian  that  a  particular  phrase  will  «:ause  n  story- 
teller to  repeat  a  familiar  anecdote,  or  an  old  soldier  "  to 
light  his  battles  o'er  again." 

96.  Lei  us  sow  pass  to  another  consideration,  namely, 
whether  Consciousness — however  interpreted  —  is  legiti- 
mately conceived  as  a  factor  in  the  so-called  oonscions 
and  voluntaiy  aetioDs ;  or  is  merely  a  trilateral  rettUt  of 
certain  organic  activities  T  To  answer  this,  we  must  first 
remember  that  Consciousness  la  a  purely  subjectit'e  pro- 
C4N ;  alUtough  we  may  l>elieve  it  to  be  objectively  a  neitral 
[oocess,  we  arc  nevertheless  passing  out  of  the  region  of 
Phystohigy  when  we  speak  of  Feeling  determining  Action. 
Motion  may  dt:termiiie  Motion;  but  Feeling  cun  only 
determine  Feeling.  Yet  we  do  ao  speak,  and  are  justilied. 
For  thereby  we  implicitly  declare,  what  Psycholojjj-  ex- 
plicitly teaches,  namely,  that  theae  two  widely  different 
aspects,  objective  and  subjective,  are  but  the  two  fac«8  of 
one  and  the  same  reality.  It  is  thus  indifferent  wlietlier 
we  say  a  aeitsation  is  n  neural  process,  or  a  mental  proces$: 
H  molecular  change  in  the  nervous  system,  or  a  cluuigo  in 
Feeling.  It  is  either,  and  it  is  both,  as  I  have  elsewhere 
explained.*  There  it  was  ar^gucd  that  the  current  h>'potli- 
eaia  of  a  neural  process  causing  the  mental  procesx  — 
molecular  movement  being  in  some  mysterious  way  fran»< 

•  PaciDLiiu,  Vol.  II.  f.  17$,  tj. 
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formed  into  sensation  —  ia  not  only  inconceivnhle,  but 
altogether  uimec(.'S8aTy  ;  wliereo*  the  hyjKillicais  that  the 
two  aapect8  of  Uie  one  pheHomenon  arc  simply  two  difi'er- 
eut  expressions,  now  in  tenna  of  Matter  and  Motion,  and 
now  in  terms  of  CoiiKciousness,  is  in  harmony  witli  sll 
the  inductive  evidence. 

97.  "  It  may  be  assumed,"  says  Professor  Huxl«y, "  tliat 
molecular  cliaDges  in  the  brain  aro  the  causes  of  all  tlm 
states  of  conaciousnesH  of  brutes.  Is  there  any  evideiicu 
that  these  BtattM  of  cousciousnoes  may  conversely  cause 
those  molecular  changes  which  give  rise  to  muscular 
motion  %  I  see  no  such  evidence.  The  frog  walks,  hops, 
swims,  and  goes  through  his  gymnastic  performances, 
quite  as  well  without  consciousness,  and  consequently 
without  volition,  as  with  it ;  and  if  «  frog  iti  liis  natural 
state  p088e«8C8  anything  corresponding  with  what  wo  call 
volition,  there  is  no  reason  to  tJitnk  that  it  u  arajihvng  but 
a  amcamifant  of  the  molf€^tlar  changes  in  the  brain,  which 
/orm  jntrt  of  ihr  ffri<-^  inwhfd  in  thr  jrroitvction  of  motion, 
Tlie  consciousness  of  brutes  would  appear  to  bo  related 
to  the  tnecbani.ttn  of  their  body  simply  as  a  collateral 
product  of  its  working,  and  to  be  <m  aimpletdy  vnihout  any 
power  of  modifying  that  working  as  the  ateam-whistle  whiek 
aeeompanift  the  tmrk  of  a  toaymtiUvc  ev^ine  it  without  in- 
ftatnee  vpon  iu  machinery.  Tlieir  volition,  if  they  have 
any,  is  an  emotion  indicative  of  physical  changes,  not  a 
catisc  of  such  changes."  Particular  attention  is  called  to 
the  passages  in  italics.  In  the  first  is  expressed  a  view 
which  seems  not  unliko  the  one  I  am  advocating,  but 
M'hicb  is  contradicted  by  the  second.  Let  us  consider 
what  is  implied. 

98.  When  Consciousness  ia  regarded  solely  under  its 
subjective  aspect  there  is  obviously  no  place  for  it  amon^ 
matorial  agencies,  rc^ardod  as  objectiro.  So  long  aa  wo 
have  the  material  mechanism  in  view  we  have  nothing 
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but  material  changes.  Thie  applies  to  the  frcig,  with  or 
Vfitliout  its  brain ;  to  man,  sup[tQsed  to  be  moved  by  voli- 
tion, or  supposed  to  move  uutoiuatically.  Tlie  ititroiluc- 
tion  of  Consciouanesa  is  uot  the  introduction  of  anothflr 
agent  in  the  svna,  hut  of  a  uvw  aspect ;  (ho  neural 
process  drops  out  of  sighl,  the  mental  process  replaces  iL 
Tliu  question  whether  we  have  any  ground  for  inferring 
that  in  the  series  there  is  included  tJie  particular  neural 
8tttte  which  subjectively  is  a  state  of  Consciousness,  must 
be  (uiBwcrod  according  to  the  evidence.  Well,  the  evi- 
dence shows  that  tho  actions  do  involve  the  co-operation; 
and  this  Professor  Huxley  expresses  when  he  says  that  the 
molecular  changes  in  the  brain  fomi  jmrl  of  the  aeries  in- 
volved in  tlic  production  of  motiun.  WieUier  vie  r^^aid 
the  process  objectively  as  a  series  of  molecular  changes, 
or  subjuulively  cis  u  succession  of  sentient  cliangi.'!*,  tho 
sum  of  which  in  on  the  one  side  a  motor  impulse,  on  the 
other  a  state  of  consciousness,  we  must  declare  Conscious- 
ness to  be  an  agent,  in  thf  mvie  scnw  that  we  dedare  one 
change  in  the  organism  to  ht  an  iiifc/U  in  wnu  othtr  duu^ft. 
The  fact«  are  the  same,  whether  we  express  them  in 
physiological  or  in  psychological  terms.  The  ph^'siolo- 
gist,  liaving  only  the  material  aspect  of  the  oi];anism  in 
view,  says, "  A  cerebral  process  initiates  a  motor  process  " ; 
the  psychologist  says,"  A  sen<uitiun  dotemunes  an  action." 
Unless  tlie  two  processes  have  been  linlced  together  by 
an  oi]ganic  disposition,  native  or  acquirod,  there  will  be  do 
such  motor  process  following  the  cerebral  process.  A  dog 
standing  outside  the  gate  is  unable  to  ring  tlie  Ikell,  though 
baling  seen  another  dog  ring  it,  he  may  wish  to  do  so ; 
but  the  cerebral  process  (his  wish)  i.t  not  linked  on  to  the 
needful  motor  process  —  he  lias  not  learned  to  realize 
the  wish  ;  whereas  the  otlier  dog,  having  hy  trial  hit  upon 
tile  right  mode  of  directing  liLi  muscles,  has  registered  this 
experience,  and  can  ring  the  belL     The  organized  dispofti- 


AKIMAL  AUTOHATUU. 


46» 


tioii  wLicli  enal)Ic>i  the  dog  to  do  this  may  truly  cnotigti 
be  called  a  modilicaUon  of  the  mecbaniBm ;  but  wliat  vre 
liavc  livrc  to  iiot«  is  that  •  sensation  origiQally  (!et«rmiDed 
thfi  movement,  and  always  determines  it, 

99.  It  i»  tlie  uiifoitamle  ambiguity  of  t!ie  word  Con-  ^ 
sciousDeas,  and  the  questionablfi  hypothesis  of  the  bmio  \ 
Iwing  the  sole  scat  of  Sensibihty,  which  darken  this  in-  J 
vestigation.  Because  animuLs,  after  the  bruin  has  been/ 
removed,  are  seen  to  perform  certain  actions  as  deftly  as 
before,  they  are  said  lo  perform  ibwe  without  the  inter- 
veiition  of  ('onaciousnesa ;  when  all  that  is  proved  by  the 
facts  is  that  tlicso  actions  are  performed  without  the  in- 
tenention  of  the  brain.  In  support  of  ibis  cxplauution, 
exn[iip]<?-t  arc  citt^d  of  unconscious  actions  |)erfonneil  by 
lumiun  beings.  But  if  we  assign  Sensibility  not  to  one 
part  of  the  nervou,t  system  exclusi%'ely,  but  to  the  whole, 
we  cau  readily  understand  how  the  lojs  of  a  {xut  will 
be  manifested  by  very  marked  changes  in  tlie  reactions 
of  the  whole,  and  yet  not  altogether  prevent  the  reactions 
of  tiie  jKii'tfl  remaining  intact.  An  animal  must  ivjipond 
somewhat  differently  with  and  without  ft  brain.  One 
marked  difTerence  i.t  the  spontaneity  of  the  action^t  when 
the  brain  is  intact,  and  the  loss  of  much  spontaneity 
when  the  hrain  is  injured  or  removed.  Cei^bTal  proeoMW 
prompt  and  regulate  action.i.  as  the  pressure  of  the  driver 
on  the  reins  prompts  and  regulates  the  movements  of  the 
horses ;  but  tlie  carriage  is  moved  by  the  horses  and  not 
liy  the  driver;  and  the  action  is  executed  by  the  motor 
mechanism,  whether  the  iucitation  arise  in  a  cerebrtl 
process  or  a  peripheral  stimulation. 

100.  If  we  admit  tliat  Consciousness  is  itself  an  orgauic 
process,  accompanying  the  molecular  changes  as  a  convex 
surface  accompanies  a  concave,  we  must  also  admit  that 
its  fluctuations  are  adjustments  and  readjustments  of  the 
organic  mecluuiism,  and  that  the  actions  are  the  effects 


brain  mast 
adjastmenta 
chooso 
But 
whicfa 
•o  as  to  ooMMrt  tlMm  warn  podf  mechanical  re- 
A  tiwy  «f  nlCsi  HSf  hara  kwt  Ux  direciing 
offico,  but  vin  ficfat  «3t2i  I&e  old  weapons  and  the  cAd 
inlaUig— Bf,  Ihwuli  sot  vitli  the  »ne  eooveiseaoe  oT 
iattfidaal  tArta.  A  faig  or  a  pigeon  no  nun  acta  at 
waff  witboat  a  bnin  as  with  a  Indn,  than  the  troop  of 
soldias  figbts  as  well  witbuot  as  oflker. 

lOI.  Hariog  thus  daixMd  a  phoe  for  CoDMioanieaa  in 
the  series  of  oguiie  procaoas^  kk  ns  now  see  wlicthor 
it  baa  a  pfaK«  amrag  tbe  active  agendes.  Aoconling  to 
Piofeasor  HiiiJc}-  il  ix  oot  itself  an  agent,  but  only  the 
"ccdlateral  product  of  tbe  wtn-kiitg  of  the  macbine."  It 
accompooiee  aetioBs,  it  does  not  direct  Ibem.  It  is  an 
index,  not  a  csuee. 

Sorely  it  Beems  more  accurate  to  say  that  it  accompa- 
nie*  and  directs  tbe  vorttiog  ?  It  accoiupunies  tbe  work- 
ing in  two  senses :  first,  as  tbe  subjective  aspect  of  tbe 
otgective  process;  secondly,  aa  tb«  cbnngi;  which  pro> 
dttcca  a  subsoqucot  cliange,  that  is  to  say,  tbe  movcmonts 
initiated  by  a  feeling  arc  tbctnselves  also /rfi  tu  r*^;>a«; 
and  tbis  feeling  enters  into  the  gencml  stream  of  simulta- 
neous excitations  out  of  which  new  nio^'«!ments  and  feel- 
ings arise;  or  to  express  it  physiologically,  the  scrnoiy 
impressions  determine  muscular  movomvntA.  which  in 
torn  react  on  the  nervc-c^intres,  and  tlieso  reactions  blend 
witli  tlie  general  excitaticMi  of  reflected  and  re-reflect«d 
proc«3scs.*    Since  evety  cbango  io  Consciousness  ia  a 

Lf  trntiment  fait  nttltre  1«  mounment.  M  le  loiiiivcmrnt  iloiine 
nalmiifa  lu  »niUiii(^iit."  — Vax  Dskx,  TraiM  U  DiamttrUM  mir  la 
MoMIe  fyiniirt,  lUI,  p.  lOt 
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dtOBge  in  the  sentient  OT^dsin,  which  objectively  is 
a  change  in  the  nervous  centres,  the  workinj;  of  the 
inec)ianL<in]  being  ihielf  n  dependent  series  of  such  changes, 
each  movement  must  have  a  reflected  influence  on  the 
general  state.  This  reflected  influence  may  be  viewed  m 
a  collatenil  product  of  the  working;  but  there  is  no  real 
analogy  between  it  and  tlie  whistle  of  the  Bteam-engine> 
because  lliis  rellccti'd  iiiflueuce  domoDirtriibly  docs  inter- 
vene in  the  subs&juent  movenieats.  The  feeling  which 
accQinpaiiieH  or  follows  a  particular  movement  cannot 
indeed  modify  that  movenicut^  since  that  is  already  set 
going,  or  has  passed ;  here  there  is  some  analogy  to  the 
steam-whistle;  but  the  analogy  fails  in  the  subsequent 
history :  no  movements  whatever  of  the  steam-engine  are 
modified  by  the  whistle  which  accompanies  the  working 
of  that  engine ;  yet  bow  the  reSected  influence  modifie.* 
the  working  of  the  organism  t  If  the  hand  be  passing 
over  a  surface,  there  is,  accompanying  this  movement,  a 
succession  of  muscular  and  tactile  fecUngs  which  may  be 
said  to  be  collateral  products.  But  the  feeling  which  ac- 
companitsonc  muscular coutrnction  in  it^l/ Ikt ttimiilng of 
the  next  contraction ;  if  anywhere  during  the  passage  the 
hand  corner  upon  a  spot  on  the  surface  which  i^  wet  or 
rough,  the  cliange  in  feeling  thus  produced,  although  a  col- 
lateral product  of  the  movement,  instantly  changes  the  di- 
rection of  the  hand.  6usi>ends  or  alt«is  tlie  course — that  is 
to  say,  the  eolluterat  producl  of  one  viovemerU  becomes  a  du 
red in^  /actor  in  the  tucc(eding  movrment.  Now  this  is  pre- 
cisely what  no  automaton  can  eflect.  unless  for  changes 
that  are  prearmnged.  A  steam-engine  drives  its  locomo- 
tive over  the  rails,  be  they  smooth  or  rough,  cntiro  or 
broken ;  it  whistles  as  it  goes,  but  no  whistling  directs 
and  redirects  its  path. 

102.   Volition  ia  said  to  be  an  "emotion  indicative  of 
physical  changes,  not  a  cause  of  such  clianges."    Here  it 


>at  tfa*  iiM  ffoaf«I 

iDMk  or  ft  blovii  aoKtfcs  ongiB  of  Uw  emtioB  or  the 
p*iii,batit  iftlbftflrignof  tfceaetioM  w^ueh  ■»  fOTHjitod 
bjr  th»  — tiwit  ilate.  la  fact  aa  loaoer  da  we  adadK 
thMt  Uie  ori^iiiflm  U  «  mMatnt  ■ariiftitiMi.  thui  tbe  ocn- 
GfaMDn  IB  tiTBMliUe  Ikat  SaaUitj'  m  a  fiMSlor  tn  (ba 
wvritwg  of  that  laacAaBHnL 

103.  '  Much  ingniouM  aigWDwrt,'  a^  Profwior  Hax- 
t^, "  b«s  «t  varioaa  ttmeft  beeo  bestoved  upon  Uw  qoas- 
tion :  Bow  ia  it  ponible  to  imtgittf  that  vaUtiou  vhidi 
is  ft  stole  cf  comcioiinMai,  aad  as  sach  has  not  tlie  sligbt- 
eat  eonmoDity  of  natuie  with  nutter  mul  motioii,  can 
act  npon  tbe  moving  matter  of  which  the  body  is  com* 
jtoned,  aa  it  U  asvumed  to  do  io  voluntary  actA  ?  But  ii^ 
u  is  bare  soggestod,  tbe  volontory  acta  of  bml£S  —  or 
In  other  woidi,  the  acts  whicli  they  desire  to  pmfonD  — 
aro  u  punily  lucchanical  as  th«  rest  of  their  actions,  aod 
ore  simply  accompaaied  by  tlie  state  of  coiucjousaeas 
callnd  volition,  the  infguiry,  so  far  as  they  are  ooDcemed, 
l»««oiiu»  Buperfluoiu.  Their  volitions  do  not  ont«r  into 
llio  chain  of  catiwttion  of  their  oetioos  at  ulL  .  .  .  .  As 
cODSclooaness  U  brought  into  existence  only  as  the  con* 
■equoncQ  of  uioloaitar  motion  in  the  bmin,  it  follows  that 
it  is  ua  itidirvct  product  of  material  changes.  Tbe  bOoI 
alands  rsbited  to  the  body  as  the  belt  of  a  clock  to  tbe 
works,  and  coii«clousnc«s  answers  tn  tlie  sound  wliioh  the 
bell  pvM  out  when  it  ia  struck."  This  has  been  answ-Bred 
in  Uie  forgoing  pages;  nor  do  I  think  Ute  reader  who 
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bu  Tccof^izcd  the  ambiguity  of  the  term  CoiteciousiMM, 
and  the  dcaimbility  of  replacing  it  in  this  dbcussion  by 
the  less  eciuivocal  tenii  Sentience,  will  need  more  to  bo 
said. 

104.  The  important  question  whether  reflex  actions  am* 
insentient,  and  thcreforu  mechanical,  will  occupy  ns  in  the 
next  problem.  The  question  of  Automatiam  wliicb  has 
been  argued  in  tlie  preceding  chapters,  may,  I  think,  be 
itummarily  disposed  of  by  a  reference  to  tho  irresistible 
evidence  each  man  carries  in  his  own  comiciousness  that 
hia  actions  are  fi'equuntly  — even  if  not  idways  —  deter- 
mined by  feelings.  He  is  quite  certain  that  he  is  not  an 
automaton,  and  ttiat  Ms  feelings  are  not  simply  collateral 
products  of  his  actions,  without  the  power  of  mollifying 
and  originating  them.  Now  thi.'»  fundamental  fact  cannot 
be  displaced  by  any  theoretical  explanation  of  its  factors. 
Hot  vould  this  fundamental  truth  be  rendered  doubtful, 
even  supposing  we  were  td  grant  to  the  full  all  that  i.* 
adduced  as  evidence  that  sotw  actions  were  the  result  of 
purely  mechanical  proceaaes  witliout  sentience  at  all.  I 
am  a  conscioua  organism,  even  if  it  bu  true  that  I  some- 
times act  unconsciously.  I  am  not  a  machine,  even  if  it 
be  true  that  I  sometimes  act  mechamcally. 
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"Siomncspttrutic,  at  Ei;a  no&  ^c."  -  Abeubd,  Sictt  Ifon. 

"  Will  nua  batuamen  wo  dsr  Hechaaiimiu  anFIifiit  und  wo  der  Willa 
■Eifuigt  BO  iit  die  Frsge  liberlmpt  ftlich  geitellt.  Derm  msD  utzt  hler  Be- 
griffa  daimdei  g^enllber  die  gai  kelne  QegeniiitzG  Bind.  Vorgtblldet  to  den 
mechaniscben  Bedingnngen  des  NerreasyBteiiu  Bind  alie  BtwtgtaigcB."  — 
WuNDT,  Phyiitiogiiehe  Ptychologit. 

"SolltcdleBodurclisichtige  Homologie  iwi«ehen  Hira  nnd  RdckcoTiurk, 
vie  sokhe  sicli  schls^nd  in  Bau  und  EntwicUnng  durthat,  wesentlich  andtie 
pIiysioIogiecbB  Qooliliitea  bedingenT"  — Ldbchdioeb  in  Pftigtr'i  Anhiv, 
B<L  XIV.  38i. 
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CHAPTER    I. 


THE  PROBLBU   BTATKD. 


1.  Thk  peculiarity  of  the  Reflex  Tlieoiy  is  its  exclusion 
of  Sensibility  from  tlio  actions  clasaed  as  rellex ;  in  cooae- 
quence  of  which,  Uie  actions  are  considenMl  to  bo  "  purely 
mechanicaL" 

Xo  one  denies  that  moat  of  the  reflex  actions  often 
have  conscious  suDsutioiis  preocdiug  and  accompanying 
them,  but  these  are  said  not  to  bo  essential  to  th«  per* 
fonnance  uf  tbu  acliuiiH.  because  they  may  be  abgent  aod 
Uie  actions  still  take  place.  It  is  notorious  that  we 
breathe,  wink,  swallow,  etc.,  whctltcr  wc  arc  conscious  of 
these  actions  or  not.  Our  conclusion  therefore  is  that 
these  pecnliar  states  of  Consciousness  are  aeoeigarjf,  not 
essential  to  the  performouco  of  those  actions.  Tlio  fact  ia 
patent,  the  conclnsion  irresistible.  Rut  now  consider  tlie 
equivoque:  becaitsc  an  action  takes  place  without  our 
being  conscious  of  it,  the  action  ia  said  to  liave  had  no 
sensation  determining  it^  This,  whicli  is  n  truism  when 
we  limit  Consciousness  to  one  of  the  special  modes  of 
St'usibility,  or  limit  Ren-iation  to  this  limited  Conscious 
ni!S3,  is  a  falsism  whi>n  we  accept  Coiiscioosness  ns  the 
tola]  of  all  combined  aensibilities,  or  Sen.sation  as  the 
reaction  of  the  sensory  roecbaiiiflm.  Tliat  a  rellex  action 
is  determined  by  the  sensory  mechanism,  no  one  disputes ; 
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rby  it  RMt  be  w  called  if  u^thiag  Eke  i 
ii  lo  be  pfSMvrad  ta  pbribkpcil  Jeffi^iinat;  aad  I 
haveiaaietl— <Mee»QgyttiJa«t  Aftfcctof  iDtelhcfl 
|iiiu>Miii  ukiag  place  tt  Timri  vttb  no  mm  ooaaEiBa^ 
OMi  than  leSex  aetioa^  ■  ibdf  saffident  to  riwv  tkat  a 
ftoccH  doet  Bot  hpM  boB  Uw  ■eaUl  to  the  Baedaaical 
qibefe  liiDidjr  bjr  iuMJag  aBcoawioBBly. 

iMMBiBch  aa  aa  atgutMa  a  a  gempleit  of  ots*"^  **> 
total  foDCtiDB  moat  be  a  complex  of  paitkolar  fancciOB^ 
eadi  of  vhi^  na;  anatrtually  be  treated  opart  Vitality 
ia  tbe  total  of  aU  its  pbjniaiogical  fuuctioos,  aad  Con- 
wlfPlMnftt  the  total  of  aU  ita  pqrebcrfogical  Atoctuma. 
Bat  fauamacb  aa  it  U  only  io  its  i^atioD  to  the  vbole 
tlwt  each  port  has  functiooal  fignificance,  and  caonofe 
tlierefore  be  hwUted  in  Teality,  aa  it  b  in  theory —  cao- 
aot  lire  by  itself,  act  by  itself,  independeDtly  of  the  mgan- 
ina  of  whidi  it  is  an  o^an,  there  is  strict  accuracy  m 
saying  that  no  paiticolar  sensation  can  exist  witbout  in- 
volving ('onBdoiiflRi>!» ;  for  thin  is  only  saying  that  no 
sensory  CTgau  can  nact  without  at  the  same  time  inrolv- 
ing  a  reaction  of  the  general  sensorium.  liat  sinoe  this 
general  iwnsorittm  is  simultant'ouflly  afTi-ctM  by  varioas 
excitations  each  of  which  is  a  force,  eveiy  sensation, 
pcrooption,  emolion,  or  volition  is  a  rauttant  of  tbe  com- 
position of  these  forces ;  and  as  there  can  be  only  one 
resultant  at  a  time,  to  l>c  rc]>lac«il  by  another  in  swift 
auoceasion,  Ibis  one  represents  tbe  ttaU  of  Conseiousocas, 
and  this  state  may  or  may  not  he  felt  under  the  pecoliar 
motU  named  "  CoiiHciousne^s,"  in  its  spetrial  lumning.  In 
other  words,  the  resction  of  a  sensoty  organ  b  always  sen- 
tient, but  not  always  conaentient. 

2.  Let  us  illustrate  this  by  the  sensation  of  musical 
tone.     When  we  bear  a  tone  wo  arc  affected  not  only  by 
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the  fundamental  tone,  representing  tlie  vibrations  of  the 
sounding  boily  an  a  wliolb,  but  aim  by  ttw  hunuonica  or 
overtones,  n-preseiitin^  ttie  vibrations  of  the  several  parts 
of  that  whole.  It  in  these  latter  vibrations  wliich  give 
the  tone  it«  timbre,  or  peculiar  quality ;  and  as  Uie  liar- 
monies  are  variable  with  the  variable  structure  of  the 
vibmting  part«,  two  bodies  which  have  the  same  fun- 
damental tone  may  Iiave  markedly  different  qimlities. 
Tlierti  an>  some  tones  which  are  almost  entirely  free  from 
iiarmonicfi ;  that  ia  to  say.  their  harmonics  are  too  faint 
for  otir  ear  to  appreciate  them,  tliouyh  wo  know  that  tlie 
vibratious  must  bu  present.  Apply  tliia  to  tlie  excitationa 
of  the  senBorium.  Each  excitation  will  have  its  funda- 
iiicntul  feeling,  and  mure  or  less  accompanying  thrills  of 
other  feelings :  it  is  tlieae  thrills  which  are  the  harinouics, 
giving  to  each  excitation  ils  Hpecific  t|imlity;  but  they 
may  be  so  faint  that  no  spccitic  quality  is  discriminated. 
A  fly  settles  on  your  hand  while  you  are  writing,  the  faint 
tlirlll  which  accompanies  tliis  excitation  of  your  sensory 
nerve  gives  the  specific  sensation  of  tickling,  and  tliis 
eaucca  you  to  move  your  hand  with  a  jerk.  If  your  atten* 
tion  is  preoccupied,  you  arc  said  to  be  imconsciou*  of  the 
scuHiitioi),  nud  the  jerk  of  your  hand  is  called  a  reflex 
action ;  but  if  your  attention  is  not  preoccupied,  or  if  the 
thrill  is  vivid,  you  are  said  to  be  conscious  of  tht-  sensa* 
tion,  and  the  action  is  no  longer  rellex,  but  volitional. 
Obviously  hero  the  difference  depends  not  on  tho  sentient 
excitation  by  ati  imprcjtsion  on  the  nerve,  but  on  tlie  state 
of  tho  geuerul  sctisorium  and  its  cou4cquent  reaction. 
Had  not  the  impre-ision  been  carried  to  the  sensorium,  no 
iiioveuienl  would  have  followed  the  tl/s  alif^hting  on  your 
hand,  because  no  sensation  (sensorj-  reaction)  would  havo 
Iteen  excited ;  the  hypoUiesi3  of  a  purely  mechanical  re* 
llux  is  quittf  iuadmisaiblo. 
3L  Ot  take  another  case.     It  sometimes  happens  that 
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«f  tfae  wikr'*  TCtDt «  foK  mwwkea  tbe  bniliar 
ikiabwUdi  gmdn  leaM  thaxif^ltj,  udtb«««d« 
ibiir  dignifciTf ;  boi  gndnlfyaa  de^  tfsfaovEr  u^ 
Uw€«9uiimi  etmm  to  VMCt  dnt;  tli«' 
ukI  more  of  Itetr  ^gniiBSBea,  the  twea 
man  uf  tbdr  faanBonki;  U  lut  wn  pMi  intD  tiwstatif 
of  uoMHcknaMa — we  oeua  to  Inftr  what  is  icad  But 
do  we  Mu*  to  bd  r  We  have  not  A«tW.  bat  we  bans 
been  afeetat  bf  tbe  soonda.  Xot  I7  distiagB»lidik  aes- 
Mtioo§;  DemtbdeM  »  atace  of  tbo  genail  flwwiWliy 
bw  beea  indoeed.  To  pnrre  tbet  we  hsTe  been  effected 
is  eeej.  let  the  nader  nddesi/  csMe,  and  if  oar  Bleep 
be  Dot  too  profonnd,  we  at  ooee  awake-  Mow,  nnleaa  tfie 
aoand  of  bia  voice  bad  alFected  as,  it  is  dear  that  tbe  oea- 
aitlon  of  thai  t-onld  not  hare  tISnritd  oa.  Or  let  us  sap- 
poee  our  sleep  to  be  onbrotei  bjr  tba  cessatioa  of  tbe 
souod ;  even  tfais  will  not  prove  that  we  have  been  anaf- 
beted  by  the  aotuKla,  it  will  raercljr  prove  tiMt  tboae 
Minida,  or  tltcir  ceasatioo.  did  not  excite  a  coaadoiis  state. 
For  let  Uie  n.'ader,  ia  no  boder  tone,  ask.  "Ate  yva 
aalcepT"  ai>d  we  start  up,  with  roaad  ejea.  dwlaring, 
"Kot  at  aU."  Kay,  shoold  even  this  queatioo  fail  to 
awaken  lu,  the  speaker  need  only  utter  some  phrase  likely 
to  eseiU:  a  ttiHIl  —  such  as,  "  There  'a  the  jioatniAn  I "  or. 
"  I  sn>ell  fire  I "  and  we  start  up. 

I  remember  once  trying  tbe  experiment  on  a  wearied 
waiter,  who  had  fallen  asleep  in  one  of  th«  onoccapiBd 
lx>xes  of  a  Uveni.  His  ann  n*tcd  on  the  table,  and  bia 
liead  rested  on  his  arm :  he  anored  tike  tuiore  of  the  u-oaiy, 
ID  apite  of  the  noisy  laughter  and  talk  of  the  gnesta.  ] 
called  out  "  Johnson,"  in  a  loud  tone.  It  never  moTod 
him.  I  Uicn  called  "Wilson,"  but  lie  snored  oa  No 
sooner  did  I  call  "  waiter,"  Utan  be  raised  his  bead  with  a 
sleepy  "yeair."    Now,  to  suppose,  in  Uiis  case,  that  be 
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bad  rut  eetisation  when  tbe  words  "  Jobnson  "  an<l  "  Wil- 
son "  reachud  Iii»  cars,  Imt  liad  a  tiensatioti  when  tlie  word 
"  waiter  "  reached  liis  cars,  ia  to  suppose  that  two  similar 
cauRea  will  not  produce  a  simikr  effect.  Th«  dissyllable 
"  Jobiisuit "  wuiiM  cxcitv  il^  i>olent  n  reaction  of  bis  seo- 
sory  organ  as  the  disayllable  "waiter";  but  the  thrills  — 
the  refl«x  feelings  —  were  difTerent,  becaom  the  word 
"  Johnson  "  was  not  associated  id  his  mind  with  any  defi- 
nit«  actions,  wliereas  tlie  woj-d  "  waiter  "  was  so  associated 
as  to  become  an  automatic  impulHC.* 

4.  Two  sisters  are  asleep  in  the  same  bed,  and  a  child 
crii's  in  tha  next  room.  The  sounds  of  tfaeso  criw  will 
give  a  similar  slimulna  to  the  auditoiy  nerve  of  each  sis- 
ter, and  excite  a  similar  e^enanry  reaction  in  cacli.  Never- 
theless, the  one  sister  sleeps  on  andisturbed,  aad  is  said 
not  to  hear  the  cry.  The  other  springs  out  of  bed.  and 
attends  to  tJia  child,  because  she  being  accustomed  to 
attend  on  the  child  and  soothe  it  when  crying.  Iho  pri- 
mary sensation  has  excited  secondary  sctisatioiiif,  thrills 
which  lend  to  accustomed  actions.  CotiM  wo  look  into 
the  mind  of  tbe  sleeping  sister,  we  should  doubtless  find 
that  tlie  sensation  excited  by  the  child's  cry  hod  niurgud 
it«f!f  in  tbe  general  stream,  and  perhaps  modified  ber 
dreams.  I*t  her  become  a  mother,  or  take  on  the  tender 
duties  of  a  mother,  and  her  vigilance  will  equal  that  of 
her  sister;  because  tbe  cry  will  tkfv,  excite  a  dctinitc 
reflex  feehng,  and  a  definite  coarse  of  action.  But  this 
very  sister,  who  is  so  sensitive  to  the  ciy  of  a  child,  will 
be  undisturbed  by  a  much  louder  noi»c;  a  dog  may  bark, 
or  a  heavy  wagon  thunder  along  the  stieet,  without  caus- 
ing her  to  turn  in  bed.f 

■  Dr.  CUnrnrTKH  tdl*  ■  ttrnflu  tittirj  at  K'latini  CtnimtKnoif,  nhit, 
nlirn  ■  mniiikipinaii,  could  ftlway*  bo  bWiiI^eiiciI  fmrn  Uu  protiniiidat 
■luiolirr  it  thn  wonl  "tt^*l "  wrre  utlcivd  ;  «hi^n-ui  no  otlicT  aonl  di»- 
f  iirlvl  him. 

t  rumivrr  an  in tcmttng  {vnoual  example  gi Yen  by  Jovrraov,  iinotol 
In  Sir  W.  Hamilton's  JUdnrfj,  1.  331. 


472 


THE   PHYSICAL  BASIS  OF  M&D. 


Although  during  sleep  the  iionous  centres  liavo  t»y 
no  DieaiiH  thoir  lull  iiclivily,  Ihoy  urc  always  cupabk; 
or  n^jiondiiig  to  a  stimulus,  and  aenRation  xvill  alvrays  bo 
produi-ed.  Wlit-n  the  servant  taps  ut  your  bedroom  door 
in  the  moniiu^  you  are  said  not  to  hear  the  tap,  if  asleep; 
you  do  nob  perceive  it;  but  the  sound  reaches  nn<l  rouses 
you  nevertheless,  since  when  Iho  second  tap  comes,  nl- 
thou{,'h  no  louder,  you  distinctly  recognize  it  In  etiter- 
izcd  jiatictnts,  sensfition  is  constantly  observed  returning 
before  any  conaciousneas  of  what  is  going  on  retuma  "  I 
was  called." says  Mr.  Potlcr,"to  give chlorofonn  to  a  lady 
for  the  extraction  of  ten  t«eth.  The  first  five  were  ex. 
tTact«d  without  the  slightest  movement,  but  im  the  opera- 
tion proceeded,  sensation  returned,  and  I  vras  obliged  to 
use  considerable  force  to  keep  her  iu  the  chair  duiiiifi  the 
extraotioii  of  the  last  tooth.  She  came  to  herself  vory 
shortly  after,  and  was  delighted  to  hnd  she  had  got  over 
aU  hor  troubles  without  having  felt  it  the  least  in  the 
world.— 

5.  We  do  not  see  the  stars  at  noonday,  yet  tliey  shine. 
Vi'e  do  not  see  the  sunbeniiis  playing  among  the  leaves  on 
a  cloudy  day,  yet  it  is  by  these  beams  thut  the  leaves  and 
all  other  objects  are  visible.  There  is  a  general  illumina- 
tion from  the  sun  and  stars,  but  of  this  we  aie  .teldom 
aware,  becaiii^o  our  attention  falb  upon  the  illumined 
object*,  brighter  or  darker  ihtui  this  getiend  tone.  There 
is  B  sort  of  Bno1u;;y  to  thi.'i  in  the  general  Consciousness, 
which  is  composed  of  the  sum  of  sensations  excited  by 
tlie  incessant  simultaneous  action  of  internal  and  external 
stimuli  This  forms,  m  it  More,  the  daylight  of  our  exist- 
ence. We  do  not  habitually  attend  to  it,  because  attention 
falls  on  those  particular  sensations  of  pleasure  or  of  pain, 
of  greater  or  of  less  intensity,  which  usurp  a  promincaee 
among  the  objects  of  the  sensitive  panorama.     But  just 

■  jU»«i,  lOtb  SaXj,  18S6. 
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03  wfl  need  the  daylight  to  see  tbe  brilliant  and  the  sombre 
forms  of  things,  we  iieeil  this  living  Consciousness  to  feel 
the  iileasures  and  iha  jains  of  life.  It  is  tlifiTefore  as 
c-rruucuus  to  intaj^iue  thai  we  have  no  otlier  sonaations 
than  those  wliich  we  distinctly  recogniui  —  aa  lo  imagine 
that  we  see  no  other  light  than  what  is  rellected  from  the 
sliops  and  equipages,  the  colors  and  splendors  which  arrest 
the  eye. 

The  amount  of  li^lit  received  from  the  stars  may  be 
ftinall,  but  it  ia  present.  The  grcuteT  glory  of  the  sun- 
light limy  n-ndcr  this  starlight  inappreciable,  but  it  does 
not  render  it  inoperative.  In  like  niiiunor  the  amount  of 
sensation  received  from  some  of  tbe  centres  may  hn  in- 
appreciable in  the  i>re8cnco  of  more  m:\.S8ive  infiuenoes 
lioni  otiier  centres;  hut  though  inappreciable  it  canuot  bu 
inoperative  —  it  must  form  an  integer  io  the  sum. 

6.  Tbe  reader's  daily  experience  will  assure  him  that 
over  and  above  all  the  particular  Acntiationq  capable  of 
being  separately  recogni/,iHi,  there  is  a  general  stream 
of  Sensation  which  conatitutea  his  feeling  of  exiatenco  — 
the  Consciou.tness  of  bim-ielf  as  a  sensitive  hciny.  Tiie 
ebullient  energy  which  one  day  oxalts  life,  and  the  mourn- 
ful depression  which  the  next  day  renders  life  a  burden 
ahno^L  intolerable,  are  feeling*  not  referable  to  any  of  the 
particular  sensations,  but  arise  from  tlie  massive  yet  pb- 
licure  senaibilitjea  of  the  visocra,  which  form  so  important 
ii  part  of  the  general  stream  of  Sensation.  Some  of  thcso 
may  emci^o  into  distinct  recognition.  We  may  feel  the 
beart  heat,  the  intestines  move,  tho  glands  secrete ;  any- 
thing unmual  in  their  action  n-ill  force  itaelf  ou  our 
attention. 

"  What  we  hft\"e  been  long  used  to."  says  Whytt,  "  wo 
become  scarcely  sensible  of;  while  tilings  which  ate  new, 
though  much  nioro  trifling,  and  of  weaker  impression, 
ftlTect  ua  remarkably.    Thus  he  who  is  wont  to  spend  his 
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time  in  the  country  is  8ur;M*isinf!l}'  HfTcctcd,  apou  first 
coining  i»tt>  a.  popnlotia  city,  with  the  noise  and  bustle 
wbicb  prevail  there :  of  tliis,  however,  he  becomes  iliujy 
lesfl  Rpnsible,  till  at  loti<^i  he  re^rds  it  no  niuiv  than  they 
who  have  been  used  to  it  all  Uieir  lifetime.  The  same 
seems  to  be  the  caxe  also  with  whnl  posaos  witliin  our 
bodies.  Few  persons  tn  health  feel  the  beating  of  their 
heart,  though  it  strikes  aj^iiist  tlieir  ribs  with  ciMwidcmblu 
force  every  second ;  whereas  the  motion  of  a  fly  upon  one's 
feuic  or  liands  occasions  a  very  sensible  and  unea«y  titjl- 
lation.  Tlie  pulsation  of  the  gi«ttt  aorta  Itself  is  wholly 
unobserved  by  us ;  yet  the  niuisual  beating  of  a  snuUI 
artery  in  any  of  the  fingors  becomes  very  remarkable." 

7.  A  large  amount  of  aenaation  is  derived  from  the 
muscular  sense,  yet  wo  arc  not  aw<trc  of  the  nice  luyust- 
menta  of  tlie  muscles,  regulated  by  this  sensibility,  when 
we  sit  or  walk.  Xo  sooner  niu  we  p!ac«il  in  an  exceptional 
position,  as  in  walking  on  n  nan'ow  ledge,  than  wo  become 
distinctly  aware  of  the  effort  required  to  prc*cn-c  equi- 
librium- It  is  not  the  novelty  of  the  po-iition  which  1tn« 
increased  our  sensibility ;  ttiat  has  only  caused  us  to 
attend  to  our  sensatiunn.  Tn  like  manner,  the  various 
streams  of  sensation  which  muk<.-  up  our  ■general  sense  of 
existence,  aeparately  escape  notice  until  one  of  them 
becomes  obstructed,  or  increases  in  inijicluosity.  When 
we  arc  seated  at  a  window,  and  look  out  at  the  trees  and 
sky,  we  are  bo  occupied  with  the  asjtoctj*  and  the  voices 
of  external  Nature,  tliat  no  attention  whatever  is  given  to 
the  fact  of  our  own  existence ;  yet  all  this  whilo  tliors 
lias  been  a  massive  and  difftisivc  fcelinj;  arising  from  the 
organic  processes ;  and  of  this  we  become  distinctly  aware 
if  we  close  our  eyes,  shut  off  all  sounds,  and  abstract  the 
sensations  of  touch  nnd  temperature — it  Is  then  peireived 
as  a  vast  and  powerful  stream  of  setisatiim,  Imlonging  to 
oone  of  the  sjiecial  HcvseA,  but  to  the  System  as  a  whole. 
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It  is  on  this  (jencinl  stream  that  (tepend  tlioso  well-kuowu 
liut  indescribahle  state-s  named  "  feeling  well "  and  "  fe«l- 
iiiy  ill  "^  ihc  bifn  ^/m  and  malaise  of  every  day.  Of  two 
men  looking  from  llie  same  window,  on  the  same  land- 
seai>e,  one  will  be  moved  to  unutt«jnhle  sadoees,  yt-aniiiig 
for  tliu  peace  of  death ;  the  other  vrill  feel  his  BonI  suf- 
fused vith  serenity  and  content:  the  one  has  a  gloomy 
liackgroiind,  into  which  Ihu  sensations  excited  hj  the 
landscape  are  merged  ;  the  other  has  a  happy  background, 
on  which  the  sensations  play  like  ripples  on  a  sunny  lake. 
The  tiHic  of  eacli  man's  fueling  ia  detemiint^d  by  the  state 
of  bis  general  consciousness.  Kxc«-pt  in  matturs  of  pure 
demonstratiou,  we  are  all  determined  towards  certain 
eonclosions  as  much  by  this  general  con-scioiisncE^s  as  by 
logic.  Onr  philosopliy,  when  not  borrowed,  is  little  more 
than  tlie  expression  of  our  peisotiality. 

8,  Having  tlius  explained  tlie  relation  of  patticular 
sensations  to  the  general  state  of  CousciousueM  consid- 
ered as  the  function  of  tlie  whole  oi^nism,  we  may 
hcucfforward  speak  of  particular  sentient  slat4»,  as  we 
speak  of  particnlar  organs  and  functions,  all  the  wltUo 
prc^upjioxing  that  the  organs  and  functions  necessarily 
involve  the  oi^ganism.  since  njiart  from  the  organism  they 
liave  no  such  si;^niticauce.  The  reaction  of  a  sensory 
oi^n  is  thereforu  always  a  sentient  phenomenon.  Apart 
from  tlie  living  organism  there  can  Iw  no  such  vital  re- 
action, but  only  il  phvi^ical  reaction.  It  is  commonly 
supposed  that  si-nsation  is  simply  the  molecular  excitation 
of  the  cerebrum ;  yet  no  one  will  maintain  that  if  the 
cerebrum  of  a  corpse  be  excited,  by  a  galvanic  current 
sent  through  tlie  optic  nerve,  for  instance,  this  excitation 
will  be  a  seuMlion.  WHienoo  we  may  conclude  that  it 
is  not  the  phj^ic^jreaction  or  stimulus  which  constitutes 
sensation,  but  tlie  phystological-  reaction  of  the  living 
orgoutsm. 
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9.  Now  tliia  13  tlic  point  which  the  advocat«s  of  tlic 
Reflex  TlKorjr-.  implicitly  or  explicitly,  always  deny.  Let 
ua  trace  the  origin  of  llic  fallacy,  if  {lossiblv.  Wh«n  we 
remove  the  eye  from  a  recently  killed  auimal.  and  let 
a  beam  of  light  fall  on  it,  the  pupil  contracts.  Thia  is  a 
purely  mediunieul  action ;  no  one  would  suggest  tli&t 
a  sensatJMi  deteniiined  it.  When  vre  remove  tJio  leg,  and 
initate  it«  nerve,  the  Ivjf  i^  jerked  ouL  This  is  also  a 
pnrety  mechanical  action.  When  we  remove  the  brain 
from  an  animal,  and  piucli  its  toes,  the  leg  is  withdrawn 
or  the  pincers  are  pushed  aside.  Is  this  aiually  a  purely 
mechanical  action  !     And  if  not,  why  not  ? 

The  ItcHex  Theory  would  have  us  believe  that  all  threo 
ca-sea  were  mechanical,  at  least  in  so  far  aa  they  were  all 
destitute  of  sentient  co-n[jeration,  the  ground  for  lliLit 
conclusion  being  the  liypothesis  that  the  brain  is  the  ex- 
clusive seat  of  Hcnsatiou.  The  Kefieit  Theorv'  further  con- 
cludes tliat  since  these,  and  analogous  actions,  are  per- 
formed when  the  brain  is  removed,  they,  being  thus 
independent  of  sentience,  may  bo  performed  when  the 
brain  ia  present  without  any  co-operatinu  of  seDtience. 
The  grounds  for  this  conclusion  buiug  the  facts  that  in 
the  normal  state  of  the  organism  there  are  many  actions 
of  wlitch  we  are  sometimes  couscious.  and  at  other  times 
unconscious;  and  some  actions  —  auch  aa  the  dilatatiou 
and  contraction  of  the  pnpil  —  of  which  we  are  never 
conscious.  Tiiis  observation  of  parts  detached  from  tJie 
organism  seems  confirmed  by  obst^rvation  of  actioua  pass- 
ing iu  our  own  oigauiams,  both  conveT^png  to  the  cou* 
elusion  that  the  actions  in  question  are  purely  mechanicnl, 
involving  no  sentience  whatever.  We  are  taught,  there- 
fore, that  there  is  besides  the  sentient  mechanism,  to 
whicli  all  couscious  actions  ore  referred,  a  reflex  mechnn- 
ism,  to  which  all  unconscious  actions  ar«  rvferrccL  The 
cerebro-spinal  axis,  acting  as  a  whole,  coustitntes  the  fint; 
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the  spiii&I  axis,  Rcting  witbout  Uio 'co>opcrAtirjti  of  the 
cerebrum,  cgnslitutes  the  eecond. 

10.  liefore  proccedjng  with  our  exposition  of  the  theory 
it  may  bu  wcU  to  state  two  cuDsideraUons  which  miut 
be  constantly  in  view.  If  it  should  appear  that  there  is 
any  rcosoiiuhlc  eridcucu  for  ret'iisiiig  tu  limit  Sensibility 
to  the  cerebrom  —  and  this  evidence  I  shall  adduce  — 
the  Keflex  Tlieory  must  obviously  be  remodellud.  Xor 
is  this  all.  W«  might  eeo  overwhclmius  evidence  in 
favor  of  the  hypothesis  that  the  cerebrum  is  the  exclusive 
seat  of  Sensibility,  aud  ittill  reject  iut  iv  fullitcy  tlie  con- 
clusion that  because  certain  actions  can  be  performed  in 
the  absence  of  ttic  cerebrum,  therc^foru  tlime  actions  in 
tlie  normal  organism  are  likewise  performed  without  cere- 
bral co-operalion.  I  mean  ibat  it  i.i  a  falliicy  to  cuncUide 
from  lh«  contractions  of  the  pupil,  aud  the  jerking  of  the 
leg,  when  eye  and  leg  are  detached  from  tho  organism, 
that  therefore  when  eye  and  leg  form  integral  parts  of 
the  organism,  such  contractions  and  jerkings  are  mcchani* 
cal  reflexes  without  sentient  conditions.  And  the  fallacy 
is  analogous  to  that  which  would  conclude  from  the  ob- 
servations of  a  mechanical  automaton,  that  similar  ap- 
pearances in  ft  vital  organism  were  equally  automatic  and 
nicchaDicid.  So  long  as  both  Hct»  of  phenomena  aro 
apprehentled  ttimply  as  they  appear  to  the  aenao  of  sight, 
they  may  Im-  indistiugiiishnble;  but  no  sooner  do  wo 
apprehend  them  through  other  modes,  and  examine  the 
modes  of  production  of  the  phenomena,  than  wo  come 
npoa  cardinal  diGTerencea  A  limb  detached  from  the 
ofgaoism  is  like  a  phrase  detache<l  from  a  sentence:  it 
has  lost  ils  vital  signiticonce,  it«  functional  value,  in  los- 
ing its  connection  with  the  other  parts.  The  whole  sen- 
tence is  ncct'^saiy  for  the  slightest  meaning  of  its  eon- 
slituent  wonls,  and  each  word  is  a  langiiage-clement  only 
when  ideally  or  verbally  connected  with  the  other  words 
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required  to  form  a  sentence ;  without  subject,  predicate, 
aud  copula,  no  sentence  can  be  formed  So  Hie  organic 
coniii'xiu  of  parts  with  a  liviiij;  whole  is  necessary  fov 
the  fiiniplest  function  ol'  eacli  oi^jau ;  unJ  a  limb,  or  any 
otlier  pnrt,  is  n  pliyaiolo>;ical  clement  only  when  (ideaUy 
or  really)  an  intesral  of  a  vital  wltole.  Tlie  or^^isin 
may  be  truncated  liy  tlic.  removal  of  certain  parts,  as  the 
seuUtnce  may  bo  abbrcviultd  by  the  removal  of  cort&in 
phrases;  but  so  long  as  subject,  predicatir,  an<l  copula 
remaiD,  there  is  a  meaning  in  the  scnlcucc;  and  80  iaog 
M  the  or^nic  counexos  needful  for  vitality  remains, 
tJiere  will  be  vital  function.  The  eye  delacbed  from  the 
organism  ia  no  longer  a  part  of  the  living  whole,  it  no 
loDger  lives,  its  phenomena  cease  to  Iw  vital,  its  move- 
ments cease  to  hav«  sentient  conditions.  The  move- 
roent«  of  Uie  pupil  may  seem  to  be  the  same  as  those  of 
the  living  eye;  but  when  wo  come  to  examine  their 
modes  of  production,  we  learn  that  they  are  not  the  same. 
The  stimulus  of  light  falling  on  the  eye  in  the  two  casea 
ueceasaiily  has  a  ditl'erent  effect,  because  tlte  effect  is  the 
result  of  the  co-operating  causes,  and  tlie  co-openition  in 
the  one  case  is  that  of  a  lifeless  organ,  in  the  other  Uiat 
of  n  living  organism.  So  long  ns  the  eye  forms  an  inte- 
gml  part  of  the  oi^nLsm,  every  stimulus  acting  on  the 
eye  necessarily  acl«  on  the  organism,  and  every  reaction 
of  the  organ  is  necessarily  conditioned  by  Uie  suite  of 
the  organism.  Further,  every  stimulation  of  a  sensory 
ner\-e  neceiisarily  alfects  Uic  general  sensoriuin,  since  the 
whole  nervous  system  is  structurally  continuous  aud  func- 
tionally co-operant  (See  I*roI).  II.  §  16,)  Tiieiefore,  the 
stimulation  of  the  eye.  although  too  faint  to  be  discrimi- 
nated as  a  conscious  sensation,  must  enter  a»  a  sentient 
tremor  into  the  general  stream  of  Sentience ;  aud  although 
we  have  no  test  delicate  enough  lo  reveal  tliis  operation, 
wc  know  the  obrtnt  operation  of  conscious  sensation  OD 
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Cfu!  ino\'fin]«nt8  of  tb«  pupil  —  in  sorpruft,  for  example, 
thu  pupil  is  dilated. 

11.  There  are  itttll  strnngf^r  reasons  for  asserting  that 
the  spinal  reflexes  arc  iit-uesiuirily  oondilioued  hy  Uie 
general  state  ot  the  eensoriutn.  eo  that  in  tlie  nonual 
nTganiAin  we  cannot  I^^gitiniaiely  exclmlc  tlivtn  t'rvmi  Sen- 
tience; and  the  Iteliox  Theory  is  thorcfore  uuphyaiolosi- 
i-ai.  even  on  Uie  hypothesis  tliat  the  ccrehruin  is  tJie 
exclusive  seat  of  Scnsihilily,  Thi»  hypothesis,  however, 
oeeinR  to  me  untenablt- ;  and  all  the  observed  facts  which 
it  is  invented  to  explain  admit  of  a  far  more  consisteiit 
explanation.  It  is  irrational  to  suppose  that  a  limb,  de- 
tached from  the  body,  /fli  the  !itimulu»  ■which  caused  its 
uusclea  to  contract  The  limb  is  not  a  livtnf^  or^nism, 
having  a  sentient  niechauiftm  in  its  nervous  mechanism. 
Xot  less  irrational  is  it  to  supfMSc  that  whi-n  the  limb 
forms  an  inU^j;nd  ]>art  of  a  livinp;  or<^ni.in),  with  a  sen> 
lient  mechanism  of  nerves  and  nerve-centres,  this  ot^nism 
doeis  not  react  on  Uie  stimulus  whioli  (.-xcitcs  the  muscles 
of  the  limb  to  contract ;  nor,  purauinj;  the  same  train  of 
reasoning,  i»  it  irrational  to  suppose  that  ntien  this  liv- 
ing or^^anism  has  l>cc»  mutilated,  and  certain  parts  de- 
stroyed, which  do  not  in  their  destniction  prevent  the 
Connexus  of  the  rest,  but  leave  intact  a  sentient  muchan- 
ism  of  nerves  and  nerve-centres,  then  also  this  truncated 
OT^nisra  still  reacts  as  a  whole,  still  feels  the  stimulus 
which  causes  the  muscle-s  of  the  Umb  to  contract.  Hy- 
pothesis for  hypothesis,  we  may  at  least  any  that  the  one 
is  as  reasonable  as  the  other.  And  I  shall  )h;  disap- 
pointed if,  when  the  reader  )iaa  gone  througii  all  the  evi- 
dence hereafter  to  Iw  adduced,  Ite  doeii  not  conclude  that 
the  hypothesis  wliich  assigns  Sensibility  to  tho  nervous 
mechanism  as  a  whole  is  not  the  more  acceptable  of  the 
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Theory.  AU  that  we  tiavc  endcftvored  to  establish  n- 
8pecung  the  euential  identity  of  the  processes  in  conscious 
and  anconseiotis  state:*,  and  voluntary  and  iavoluataty 
actions,  —  an  identity  which  docs  not  vxclude  diBinvnces 
of  d^;re«  correqiondit^  with  these  diSerent  terms,  —  is 
igDoied  OF  denied  iu  the  Reflex  Tlieon'.  Whereas  I  sup- 
ftose  all  processes  to  be  reflex  processes,  some  of  them  bav- 
iog  Uie  vohiulatj',  others  the  involuntary  cliaracter,  phys> 
iolo^sta  generally  dtstingoish  the  involuntary  as  reflex, 
and  invent  for  this  class  a  special  mechauistn.  Accord- 
ing to  Marshall  Hall,  who  originated  ttie  modem  tbrm 
of  thia  llieorj',  actions  are  divisible  into  four  distinct 
classes:  the  roiuntaiy,  dependent  on  tlie  hrain;  tho  tn- 
velntUary,  de]>endent  on  the  irritability  of  the  muscular 
fibre;  Uie  ropiratory.  u-Iicrein  "the  motive  influence 
paasea  in  a  dired  Um  from  one  point  of  the  nervous  sys- 
tem to  certain  niiiscles " ;  and  ti\e  rrjU^,  dependent  on 
the  "tnie  spinal  system"  of  incide»t-tJxitor  nerves,  and 
of  re/ta-motor  nerves.  These  last-named  actions  are  pro- 
duced when  an  impremon  on  tbc  sensitive  surface  is  con- 
Teyed,  by  an  excitoi^nerve,  to  the  spinal  cord,  and  is  there 
rfjttdal  Ittck  on  ttie  muscles  by  a  corresponding  motoi^ 
nerve.  In  this  process  no  sensation  whatever  occurs. 
Tills  ftclinu  ).■*  purely  reflex,  purely  tJxUo-motor — like  tJie 
action  of  an  ordinary  mechanism.* 

Miiller,  who  shares  with  Marshall  Hall  the  gloiy  of 
havinji;  established  tliis  cla»ificatiun,  thinks  that  although 
the  absence  of  sensation  is  a  cbatacteristic  of  the  reflex 
actinR.4,  theae  actions  may  be,  and  ni-c  at  times,  acoompa- 
uied  by  sensation.  "The  view  I  take  of  the  matter  is  the 
following :  Irritation  of  sensitive  fibres  of  a  spinal  nerve 
excites  primarily  a  centripetal  action  of  thu  nervous  priit- 

"  Uaiuiiau.  Mam.  In  nitcx.  Traa*.,  1883.  Ltttturu  on  Ou  A'crtVM 
JttMm  and  its  Diita»et,  1S30.  AVu  J/«mo(r  m  Ot  A'«nMW  S^tkn, 
ttl3. 
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ciple,  conv^jntig  the  impressioD  to  the  spinal  coitl ;  if  tlie 
oentni>etal  notion  ran  tlien  lie  coiitiDued  Ut  tins  teiuorium 
eommune,  a,  truo  Kensnlion  is  tlic  ri-sull ;  if,  on  account  of 
(livUion  of  the  cord,  it  cannot  be  communicated  to  tbe 
^(.■iiMorium,  it  still  oxvrta  ib<  wliolu  iiilliicnco  upon  the 
(unl ;  in  both  cases  a  leflex  motor  action  may  bu  the 
result."  • 

13.  It  is  needless  Dovadaj's  to  point  out  thnt  tlic  ex- 
istence of  a  distinct  system  of  excito-niotor  m-rvcs  bclor^ 
to  Inm<;inaTy  Anatomy ;  but  it  is  not  needless  to  point 
out  that  the  Imaginary  Physiolo^  founded  ou  it  still  sur- 
vivor. The  hyiM>thetical  process  si>ctns  to  me  not  less  at 
variance  with  observation  and  induction,  than  tlie  liypo- 
tUetieal  structure  invented  for  its  hasis.  Wc  have  already 
scfu  that  what  Anatomy  positively  t«ache3  is  totally  un- 
like the  reflex  meclianisni  popularly  imagined.  Tbe  sen- 
sory nerve  is  not  seen  to  enter  the  spinal  cord  at  one 
point,  and  pass  over  lo  a  corrosponding  point  of  exit ;  it 
is  seen  to  enter  the  gmy  substance,  wliicii  is  continuous 
thron};bout  the  spinal  conl ;  it  is  there  lost  to  view,  its 
COUI90  being  untmeeable.  Nor  does  the  physiological 
process  present  the  aspect  demanded  by  the  tlieoiy ;  it  is 
not  tlint  of  a  direct  and  uniform  reflexion,  such  as  would 
result  from  an  impression  on  one  spot  transmitted  acrosa 
the  spinal  cord  to  a  corresponding  motor-nerve.  Tbe 
impression  is  sometime.^  followed  by  one  movement,  some- 
times by  another  very  diffeicnt  niovciuent,  each  dotia-- 
mined  by  the  state  of  neural  tension  in  tlie  whole  central 
system. 

Even  tlie  fact«  on  which  the  ReScx  Theory  is  based  are 
ilitTerently  interpreted  by  different  physiologists.  Van 
Docn,  for  instan«ie,  considers  that  Beflexion  takes  place 
ATithoat  Volition,  but  not  without  Sensation ;  and  Badge, 
that  it  takes  place  without  perception  ( Vorsttllung).   And 
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when  it  is  reRiemhered  that  most  of  the  reflex  ActioDS  will 
be  acoonipanicd  by  distinct  con«cioiune»  whenever  uLLen- 
lioD  19  directed  to  them,  at  the  vividness  of  the  stimu- 
latioa  U  sli^^litJy  iocruasud.  it  bucumc»  evident  that  tiie 
absence  of  Consciousness  (discrimination)  is  uut  the  dif- 
fercnlia  of  Keflex  action. 

14.  Xor  can  the  absence  of  spontaneity  be  accepted  H 
a  difTerentio.  All  actions  ate  excited  by  stiniulatioD, 
internal  or  exteniaL  Wliat  iiru  culled  the  spontaneom 
actions  are  fiinij>ly  those  which  are  pTotnpted  by  internal, 
or  by  not  reco^izable  stimuli ;  and  could  we  see  the  pro- 
cets,  we  should  see  a  neural  change  initiated  by  some 
stimulation,  whether  the  i'!ianj,'o  waa  conscious  and  vo- 
litional, or  unconscious  and  automatia  The  dog  rising 
from  sleep  and  restlcsisly  moving  aWiut,  is  acting  sponto* 
neou&ly,  whether  the  stimulation  which  awnkeiis  bim  be 
a  sensation  of  hunger,  a  sensation  of  sound,  the  sharp  pain 
of  a  \trick,  or  a  dash  of  cold  water.  If  ho  wa^  bis  tail  at 
the  Hi^lit  of  Ilia  master,  or  wai^s  it  when  dreaming,  the 
stimulation  is  said  to  bo  spontaneous ;  but  if  after  hia 
spinal  cord  has  been  divided  the  tail  wa^  when  ht»  alfdo- 
men  is  tickled,  the  action  is  called  reHex.  In  all  three 
cases  there  has  been  a  process  of  excitation  and  reflexion. 

16.  The  advocates  of  the  Reflex  Theory  insist  that 
spontaneity  is  always  absent  in  brairiles«  animals;  whence 
the  conclusion  that  the  bmin  is  the  exclusive  OTpm  of 
sensation.  But  the  fact  asserted  is  coiitmdicted  t^  the 
evidence.  No  experimenter  can  have  failed  to  obaerve 
luiDibL'rless  examples  of  spontaneity  in  brainless  animals. 
Many  exitmple.t  have  ahvudy  been  incidentally  noticed  in 
previous  pages.  Let  me  add  one  more  from  my  notes : 
I  dec:apitited  a  toad  and  a  triton,  and  divided  the  spinal 
conl  of  another  triton  and  a  f^.  At  first  the  movemeats 
of  the  decapitated  animals  were  insignificant ;  but  on  tlie 
second  day  the  faesdkas  lead  was  quite  as  lively  as  the 
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tVog ;  and  the  ticadtess  tritait  little  leas  ao  than  hU  cotn- 
panion  with  oori]  iltviiled  but  brain  intitct  I  have,  nt  the 
time  of  writing  tbi«.  a.  frog  whose  cord  was  divided  some 
weeks  ago.  He  remains  almnat  roolionleas  uqIcss  when 
touched ;  he  is  psnvrully  fuuiid  in  thu  sume  spot,  and  in 
the  same  attitude  to-day  as  yesterday,  unless  toucheii,  or 
iiiili«s  the  table  be  sliaken.  He  occasionnlly  mows  ouu 
of  the  forelegs ;  oocasiooaUy  one  of  the  hiud-legs ;  but 
without  chan^ii^  his  position.  If  he  were  brainless,  this 
quiescence  would  be  cited  iu  proof  of  tlia  abeeoceof  spon- 
taneity in  the  absence  of  the  brain ;  but  this  conclusion 
would  be  fiilkcioQS,  and  is  seen  to  bo  so  in  the  sponta- 
neou!)  movements  of  his  companion  who  has  no  brnitL 

16.  With  spontaneity  is  aasociated  the  idea  of  volition, 
and  with  volition  ekoite-.  Now  I  admit  that  it  is  coni- 
plicittiug  the  (lUvstion  to  ask  any  one  to  conceive  a  head- 
less animal  choosing  one  action  rather  tlian  another;  but 
it  is  equally  difficult  to  reconcile  ounselvca  lo  the  idea  of 
"choice"  in  con  tern  plating  the  actions  of  a  nxilhisc.  In 
what  sense  we  can  speak  of  the  volition  of  a  mollusc  or  an 
insect  has  already  been  considered  (p.  408).  When  a  man 
in  a  fit  of  coughing  seizes  a  glass  of  water  to  allay  the 
tickling  in  his  throat,  we  have  no  hesitation  in  declaring 
thi.s  to  be  volitional — and  tlie  remedy  to  be  ehcten.  But 
when  ^  brainless  animal  adopts  some  unumtal  means,  after 
tho  faihire  of  the  usual  means,  to  alUy  an  irritation,  wc 
still  hesitate  to  call  the  action  volitional.  I  see,  however, 
no  objection  to  calling  it  tli<!  ndaptjitiou  of  a  sensitive 
mcdiauism  wluuh  is  markedly  uulike  any  inorganic  mech- 
anism. 

Place  »  child  of  two  or  three  years  old  upon  his  bu9t, 
and  tickle  his  right  cheek  with  a  feather.  He  will  prob- 
ably move  his  head  away.  Continuo  tickling,  and  he  will 
mb  the  spot  with  his  right  hand,  n^ver  using  the  left  hand 
for  the  right  cheek,  so  long  as  the  right  hand  is  free ;  but 
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dttly  iitailw.  ThJa  cootiaA  »  tiw  nore  iDnstatm, 
hecuue  phjmlepmt  gtaeailj  usame  thct  ia  alatp  can- 
■doMpew  and  mihioa  «t«  iwynirfrf.  Tbey  aij:  "Xbe 
brain  lleepi,  the  spuul  cord  oerer ;  ToUtiaa  aad  iminaHiMi 
Bay  be  Mupeoiied,  but  not  nStx  acUoa'  This  pn^nai- 
tioB  is  extnioely  qnestionaUe ;  jret  ii  is  iodtspensahle  to 
tl»c  reflex  Uieor; ;  Itecaase  unluss  sensaticm  and  voiition 
art  Boapended  dunug  sleep,  ve  most  admit  tliat  tliev  can 
act,  wtibuul  at  the  same  time  eallitig  into  activity  tbat 
degree  of  seEutbility  whicb  is  Boppooed  to  ooostitttte  con* 
KKmsneao.  The  child  moves  in  his  sleep,  defends  bim< 
mU  iu  his  sleep;  but  he  is  not  *'awara"  of  it 

"Chiklren,"  says  Pflu^'er,  "»I«cp  more  eonmlly  than 
adulls,  and  seem  to  be  more  sensitive  in  sleep.  1  ttckl«d 
Uio  right  Dostril  of  a  thrue-vvar-old  boy.  He  at  once 
raiaed  bia  n;:ht  tiand  to  posh  me  away,  and  then  rnlibed 
tltc  place.  Whcu  I  tickled  the  left  nostril  he  taised  tbc 
left  band,  t  then  softly  drew  both  arms  dowD,  and  laid 
tlwin  close  to  the  body,  embedding  the  left  arm  in  the 
clotheii,  and  placing  on  it  n  pillow,  by  gentle  pressure  on 
which  I  could  keep  the  arm  down  without  awakening 
liim.  Having  done  this  I  tickled  bis  left  nostril.  He  at 
onoc  began  to  move  the  im|»isoned  arm,  but  could  not 
reach  Ids  face  with  it,  bccan«c  1  hcM  it  firmly  tliongU 
gently  down.  He  now  drew  hia  head  asid^,  and  I  con- 
tinued tickling,  wherenpon  he  raised  the  n^A^  hand,  and 
with  it  rubbed  the  le/i  nostril  —  an  action  be  never  per- 
formed when  the  lefl  hand  wa.H  free." 

17,  I'liia  simple  but  ingenious  vxpttnineDl  establishes 
one  imimrtant  point,  namely,  that  the  so-called  refl«jc 
fictiuiiH  observed  in  sleep  are  detenniued  by  sensation  and 
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volition.  The  sleeping  child  bcliarcs  exactly  as  the 
waking  child  behaved ;  the  only  difTerence  being  in  Che 
I'Hurgy  ittiii  rapidity  of  the  actions.  If  the  waking  child 
ftrit  and  willed,  siirvly  the  sleeping  child,  when  it  per- 
formed  prccisi^ly  siniilur  actions,  cannot  be  snid  to  hare 
fflt  nothing,  willed  nothing?  It  is  not  at  one  moment  a 
sentient  organtsu),  and  at  the  next  an  insentient  uiocb- 
nnism. 

It  is  possible  to  meet  this  case  by  assuming  that  the 
rliild  vi&a  nearly  awako.  and  tliat  a  dim  consdouSDOn  wta 
aroused  by  the  tickling,  so  that  the  cerebral  actinty 
was  in  fact  awakened.  But,  plausible  9S  this  e.tplanntion 
may  Im  (and  I  am  the  more  ready  to  admit  it  because  I 
believe  the  brarn  nlway*  co-operates  when  it  is  present), 
it  altogether  Eail»  when  wo  come  to  expenment^  on  de- 
capitated antmalai  If  any  one  will  iiiHtttiitc  n  series  of 
such  experiments,  taking  ciiio  to  compare  the  notions 
of  ^e  animal  before  and  after  decapitation,  he  will  per- 
ceive that  there  la  no  mure  diffurcnce  between  thcui  than 
lietween  those  of  Uie  sleeping  and  the  waking  child. 

18.  Even  more  striking  is  the  following  cxpcrimenty 
devised  by  I'flilger,  which  I  have  verified,  and  varied, 
insny  times:  A  frci^  is  decapitated,  or  its  brain  is  re* 
moved.*  When  it  has*  recovered  from  tbe  eflecC  of  the 
ether,  and  manifests  lively  sensibility,  we  place  it  on  its 
back,  and  touch,  with  acetic  acid,  the  skin  of  its  thigh 
just  above  the  nnviylm  intfmue  fcawru.  (I-et  the  reader 
imagine  liis  own  slioulder  burnt  at  the  poltit  where  it  can 
be  reached  with  the  thumb  of  the  same  arm,  and  be  will 

•  It  is  better  fllinplj  to  tMnovs  the  bnin,  than  to  wmove  the  whsle 
Mill,  wliiuh  ruuitiii  a  wriouii  Inst  of  blood.  An  cthorizol  ftuimHl  niay  b* 
ojwraiitil  on  uith  pjun  niiil  iicciiRwjr.  Fi>r  ninny  ■■x|Trirn»nt»,  iiiirn  dlrl*. 
inn  of  tin-  spinal  cori  u  better  thwi  dtoapitation.  Qre»t  T»riation»  in 
III!'  rciiillH  inuHt  \m  oipwrlfil,  1]«uusa  the  oondition  o(  the  tnimal,  iu 
'iif  and  ici  —  nhothcr  Tiuting  or  ^gntlag  —  wlivth«r  llip  itntMn  U- 
■]>tin^  or  lunmcr  — uitl  u  hnudnil  other  MtiKf,  CMnpIlcAl*  the  cz- 
[vrtni«nL 


realiiM  the  ojicnitioD.)  No  sooner  does  the  acul  begin  to 
buni  Ihnn  the  fro^  stretclies  out  tlio  othrr  \v^,  bo  that  its 
body  is  somewhat  drawn  towards  it.  The  leg  that  hii» 
been  buna  i»  iioiv  bi'Ul,  aud  the  back  of  l)i«  foot  u  Ap- 
plied lo  Ui«  spot,  rubbing  the  acid  away  — juat  as  yout 
thumb  migttt  rub  your  shoulder.  Tlus  is  very  like  the 
uciioB  of  ihe  ticklod  clutd,  who  always  it»es  the  right 
hand  to  rub  the  light  cheek,  unless  it  be  held ;  but  when 
tbd  child's  right  hand  is  prevciit«il  from  rubbing,  the  left 
vUI  be  employed ;  and  precisely  this  do  we  observe  with 
the  brainless  frog :  prevent  it  from  using  its  right  leg,  and 
it  will  use  its  k-ft  I 

This  has  liceu  proved  by  decapitating  another  frog,  aiid 
cutting  off  the  foot  of  the  leg  which  is  to  be  irritated. 
No  sooner  is  the  acid  applied,  than  the  leg  is  bcut  as  be- 
fore, and  the  stump  is  moved  to  ami  fro,  as  if  to  rub  away 
the  acid.  But  the  acid  is  not  rubbed  sway,  and  Uie  aui- 
mal  hf^comea  restless,  as  if  trying  to  hit  upon  sotne  other 
plan  fur  freeing  hiinsclf  of  ihu  irritation.  Aud  it  in 
worthy  of  remark  that  he  often  liito  upon  plans  voty 
similax  to  those  whieli  an  intelligent  human  being  adopts 
under  similar  circumstances.  Thus,  thi^  irriUtion  con- 
tinuing, he  will  sometimes  cease  the  vain  clTorta  witli 
his  stump,  and  stretching  that  leg  straight  out,  bends  the 
oihcT  leg  o^er  toft-ards  the  irritated  spot,  aud  r^ihs  the 
acid  away.  But,  to  show  how  far  this  adion  is  from  one 
of "  more  meohnutEm,"  how  far  it  is  from  l>eiDg  a  direct 
reflex  of  an  impression  on  a  group  of  muscles,  the  frog 
does  nut  alicni/x  liit  even  on  this  plan.  Sometimea  it 
bends  ila  irritated  leg  more  cnergclicaUy.  aud  tikewiao 
bends  tlie  body  totrards  it,  so  03  to  permit  the  spot  to  he 
rubUtd  against  the  flank  ^  just  us  tJic  child,  when  both 
liis  handn  arc  held,  will  bend  hie  cheek  towards  his 
shoulder  and  rub  it  there, 

19.  It  is  difBcult  to  resist  such  evidence  as  ia  here 
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maaifeated.  The  bmiiil«»  frog  "chooses"  a  new  plan 
when  the  old  one  fails,  just  as  the  waking  child  chooses. 
And  an  illustratiuu  of  how  sensations  guide  and  deter- 
mine movements,  may  be  seen  in  another  obs«nation  of 
the  brainl<^-i  frog,  when,  as  often  happens,  it  does  not  hil 
upon  either  of  the  plans  ju«l  nienlioniid,  but  remains 
nppArcritly  restless  and  helpleas  ;  if  under  these  circum- 
stADCcs  we  perform  n  part  of  the  action  for  it,  it  will  com- 
yieU  what  tit  have  begun :  if  we  nib  the  irritated  leg,  nt 
8omo  distance  from  tlie  spot  where  the  acid  is,  with  the 
foot  of  the  other,  the  froy  suddenly  uvails  itself  of  thus 
guiding  sfvmtitm,  and  at  once  directs  its  foot  to  the  irri- 
tated spot. 

In  these  experiments  on  the  triton  and  the  frog,  the 
evidence  of  SGusation  and  volition  is  all  the  stronger,  be- 
cause the  reactions  produced  by  irritations  are  not  »ni> 
form.  If  when  a  dfcupilHted  animal  were  stimulated  it 
always  reacted  in  jn-ecistlij  the  same  way,  and  never  chose 
nac  mmru  on  the  fuilun;  of  the  old,  it  would  be  conceiv- 
able to  attribute  the  reaulta  to  simple  relies  action  —  i.  e. 
the  mcc!iunical  trunsfuifnco  of  an  impulse  along  a  pre* 
scribed  path.  It  ia  possible  so  to  conceive  the  breathing, 
or  the  swallowing  mechanism :  the  impression  may  be 
directly  ft'flcctcd  on  certain  groups  of  muscles.  But  I 
cannot  conceive  a  machine  suddenly  striking  out  new 
methods,  when  the  old  methods  fail.  1  cannot  cjnccive 
a  machine  thrown  into  disorder  when  its  accustomed 
actions  fail,  and  in  this  disorder  suddenly  lighting  upon 
an  actioD  likely  to  succeed,  and  continuin(j  (hot;  but  I 
can  conceive  this  to  be  done  by  an  organism,  for  my  own 
experience  and  observation  of  animals  assures  me  that 
this  is  always  the  way  new  lines  of  action  are  adopted. 
And  Ibis  which  is  obser>'cd  of  the  unmutilated  animal,  I 
liave  juat  shown  to  be  observed  of  the  brainless  animal ; 
wherefore  the  conclusion  is,  that  if  ever  the  frog  is  sen- 


tient,  if  ever  it«  actions  am  guided  by  se&s&tioD,  ther  are 
so  when  lU  braiu  is  reino\-ed. 

20-  Schroder  van  der  Kolk  UiidIcs  tltnt  PfliigBr  was 
d«u«ivvd  in  altributing  acnsatioa  and  volitioa  to  the  bog, 
because  the  reflex  actioi»  are,  be  says,  so  nicely  adwpCfwi 
to  tlieir  «Dds,  tint  they  are  undixtiDgtiislmljle  from  tqIuo- 
tarj  aetions.  The  mecbanism  is  such  that,  hj  means  of 
the  oooinanieatioBs  establisliod  between  various  f^roitpa 
of  cells,  all  these  actions  adapted  to  an  end  maj  be  ex- 
cited  hy  every  stiniuliifl.  But  I  deny  tJie  fact  I  deny 
that  all  the  actions  are  awakened  by  every  stimulna. 
Only  some  few  are  awakened,  and  those  are  not  always 
the  same,  nor  do  they  follow  the  saniu  order  of  succession. 
One  decapitated  frog  does  not  behave  exactly  like  annther 
under  similar  circumstances ;  does  not  behave  c-jiactly 
like  tiimsolf  at  different  seaaons ;  unlike  a  macliine,  he 
manifests  spontaneity  in  his  itctjons,  and  volition  in  the 
direction  of  hta  actions. 

21.  The  reader  will  notice  that  my  illuMnitions  show 
these  actions  of  tlic  brainless  animal  to  have  the  seme 
external  ctiaractere  as  those  of  the  uumutOated  animals. 
I  am  thereforo  not  here  concerned  to  prove  the  psychical 
nature  of  these  actions,  unless  it  be  granted  that  the  un- 
Tuutilatcd  ntiintal  has  scnsntion  and  rolition.  This  of 
course  can  only  bo  inferred,  not  provul.  But  the  infer- 
ence must  not  1)0  allowed  in  the  one  case  and  refused  in 
the  other.  Youn;;  rabbits  and  puppies  when  taken  from 
llwir  mothers  manifest  di.icomfort  by  restless  mm-cment 
and  whining.  Do  ibey  feel  the  discomfort  they  thus  ex> 
press  ?  If  ever  rabbite  and  [Hippica  may  be  said  to  feel, 
we  must  answer,  Yes.  Well,  if  the  brain  be  removed 
from  rabbits  and  puppies,  precisely  similar  plti^nomena 
are  obacned  when  these  young  animals  are  token  from 
their  mothera.  "  I  observed  the  motions,  which  eeemod 
the  result  of  discomfort,  (juickly  cea«e  wht-n  I  warmed 
>uiig  rabbit  by  breathing  on  it.    After  a  while  it 
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waa  compleUily  at  rest,  and  seemed  sunk  in  deep  sleep  ; 
occasionally,  howcv(^^,  it  moved  ouo  of  its  legs  without 
ajiy  external  stiuulus  having  been  applied,  and  this  not 
spasmodically,  but  in  the  manner  of  a  sleeping  animal"* 
Is  this  cessation  of  ibu  restlessness,  when  warmth  is  rer 
stored,  not  evidence  of  sensation  ?  We  see  an  infant  rest- 
less, fitnijnjliiig,  and  stiuaJling;  and  we  l>elicvc  that  it  i« 
hungry,  or  that  some  other  sensations  agitate  it ;  it  is  put 
to  thu  hrea-'>t,  au<l  its  si^ualls  subside ;  or  a  finger  in  placed 
in  its  mouth,  and  it  suck«  tliat,  in  a  ]>oaceful  lull,  for  a 
few  moments,  to  recomnicDce  equalling  when  the  finger' 
yields  no  satisfaction.  It'  we  accept  these  as  signs  of  sen- 
sation, I  do  not  sec  liow  we  can  deny  such  sensation  to 
the  brainless  animal  which  will  also  cease  to  cry,  and  will 
sack  the  delusive  6n<;i;r. 

22.  One  of  the  earliest  advocates  of  the  IteHex  Theory 
sums  up  his  observations  in  tliese  words ;  "  It  is  clear 
that  brainless  animals,  although  witliout  sensation,  be- 
cause not  endowed  wiUi  mind,  nevertheless,  by  means  of 
cxt«rnnl  imprussions  wldch  opurute  inccssanUy  ou  them, 
perform  all  the  actt  and  manifest  all  the  activity  of  the 
sentient  animal ;  everything  that  is  effected  scasationnlly 
and  volitionally,  ihey  effect  by  menns  of  the  organic 
forces  of  the  impreasioiia."  t  Call  Sensibility  one  of  the 
organic  forces,  if  you  please,  but  so  long  as  the  acts  per- 
formed are  not  only  the  same  as  those  of  a  sentient  ani- 
iiiul,  but  are  performed  by  tlie  some  mechanism,  tlioy 
have  every  claim  to  the  character  of  sensational  acta 
which  can  be  urged  in  the  case  of  these  aniniaU  when 
tlic  brein  is  present  And  the  only  reason  on  which  this 
claim  is  disputed  is  the  assumed  loss  of  all  sensation  with 
the  loss  of  the  bmin.  Here,  thcrcfoiv,  lies  tlio  central 
Jioiut  to  be  determined. 

"  Vi>LKXASs,  quoUnL  by  rpi.UoBB. 

+  Umkb.  TA*  Frineipla  i,f  FKytielogi/  (traiMhtod  fw  lh«  SyiUnhkin 
SiOTcty),  p.  2SS. 
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CHAPTEB  II. 

DEDCCnONS  PROM   GEKCEAL  L.IWS. 

23.  Thb  evidence  is  of  two  kinds:  deductions  from  the 
general  laws  of  nervous  action,  and  inductions  from  pnr- 
ticul:ir  manifestations.  The  former  furoisli  «  presump* 
tion,  the  latter  a.  proof. 

Tbe  ceutr&l  proccs!!  wlncb  inilistos  n  reflex  nction  may 
be  excited  by  tbe  exl«rnal  stimulation  of  a  peripheral 
nerve,  by  ibe  internal  titiniuiation  of  a  pcrijiiienil  ui'r\e. 
or  by  th«  irradiation  from  some  other  part  of  tbo  central 
tift.<me.  The  lB,3t-named  stimulfttion.i  arc  the  least  intel- 
ligible, bccnuso  they  are  so  x'ariod  and  complex,  and  so 
remote  from  observation  ;  among  them  mny  be  placed,  1*. 
the  organized  impulHes  of  Instinct  and  Habit,  wiib  tlioir 
fixed  modes  of  manifestation  ;  '2",  the  oi^niw-d  impulses 
of  Emotion,  which  arc  more  variable  in  their  luanifesta- 
tions,  because  more  tliictuating  in  their  condiiions;  3°,  the 
orj^nized  impulses  o(  Intellect,  the  moat  variable  of  all. 
Whether  we  shrink  on  the  contact  of  a  cold  snlutlnnco  or 
on  hearing  a  aiuidun  sound,  —  at  the  sight  of  a  terrible 
objecty  —  at  tJie  ima;jimiry  vii»ion  of  the  object, — or  be- 
caiifte  we  feign  tbe  terror  which  is  thtia  expressed,  —  the 
redox  meclinnism  of  shrinking  is  in  each  case  the  same, 
and  the  neura!  process  disdiargcd  on  the  muscles  is  iho 
same ;  but  the  state  of  FL>eIin;(  which  originated  tlie 
change  —  or,  in  striclJy  physiological  terms,  the  inciting 
neuml  process  which  jtreccdctl  this  reflex  neural  process — 
was  iTi  each  ca.<ie  somewhat  difTvrcnt,  yet  in  each  caae  was 
a  mode  of  Sensibility. 
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24  The  property  of  Sensibility  belongs  to  the  whole 
fviilml  tissue ;  nnd  tvo  Itavc  every  rensoii  to  believe  that 
unless  it  is  cxcit«d  no  reflex  takes  place,  whereas  nhen  it 
19  exaggemted  —  as  in  epilepsy,  or  under  strychnine' — 
!h«  reflex  diitchargca  ans  c'on\-ulsive.  "Wlicn  ana-stlictics 
are  given,  consciousness  Brst  disappears,  and  tlien  re- 
flexion. When  the  scusortum  is  powerrully  excited  by 
0(A^  stimuli,  the  uonnal  stimulus  fails  to  excite  either 
mnsciousucss  or  reflexion.  Heitce  our  conclusion  is  that 
for  consciousness,  on  the  one  hand,  and  normal  rulloxiou, 
on  the  other,  the  proximate  condition  is  a  change  in  the 
KenMonum^  or  —  to  phra.«o  it  luuru  fixmiliuily  —  l-Viuling 
is  necessary  for  retlox  action. 

Tlie  dilUculty  in  apprehending  tliis  \ii»  in  the  am- 
biguity  of  the  tenu  Feeling.  Many  peaders  wJio  would 
And  no  ditllciUty  in  adniittiug  8ensiltiliiy  as  a  necessary 
element  iu  reflex  action,  will  resist  the  idea  of  identifying 
SetuibiUty  with  Fueling.  But  this  repugnauuc  niu.'tt  be 
overcome  if  we  are  to  understand  the  various  modes  of 
Sensibility  which  repit»cnt  Feeling  in  animals,  and  its 
\'8rieties  in  ourselves.  We  understand  how  tlio  general 
Sensibility  niajiifesta  itielf  in  niarkudly  ditTorent  sensa- 
tions —  how  that  of  the  optic  centre  differs  from  that  of 
the  auditory  centre,  and  both  from  a  Hpitial  centre.  The 
tones  of  a  violin  ni-e  not  the  Mime  as  the  toue«  of  a  vio- 
loncello, holli  differ  from  the  tones  of  a  key-bugle :  yet 
lliey  all  come  under  the  same  general  laws  of  tonality. 
So,  OS  I  often  insist,  the  tissues  in  bmin  and  cord  being 
the  anme,  their  properties  must  bo  the  Haute,  their  laws 
of  excitation,  irradiation,  and  combination  the  same, 
through  all  the  varieties  in  their  manifestations  due  to 
varietie.')  of  iniiorvutiou.  Uvncu  it  is  that  tliuro  are  reflex 
cerebral  processes  no  less  than  reflex  spinal  processes ; 
the  motor  impulse  from  the  hen)i»phcri.>9  on  the  corpora 
Mriaia,  or  Irom  posterior  gray  substance  on  anterior  gray 
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subituton,  ts  similar  to  that  from  the  anterior  gray  tub- 
atanoe  on  tlie  motor  nerves.  Tlie  dirTui^n^M;  in  reflexes 
ames  from  the  teroaioal  oi^gans ;  as  the  difiereDCQ  in  sen- 
sotioDS  aiues  from  Uic  sutfaoca  atiaiulat«d.  Bui  not  onl.v 
an  there  reflex  processes  in  the  brain,  of  the  aaoke  <mUr 
a8  those  in  the  ooni,  thetv  are  volilioiial  processes  in  tbu 
cord  of  tlic  suoie  order  as  thosu  iti  tbu  bntia  Ami  in 
both  the  pncesaea  tae  sometimes  oouscious,  sometimes 
unconscious.  Ko  evidence  suggests  that  in  the  conscious 
action  tliere  is  a  seueorial  process,  and  a  purely  physical 
process  in  lliu  iiiii.'ouscious  action  ^only  a  dilfcKut  nia- 
tum  of  one  sensorial  process  to  oUiots. 

35.  Let  IIS  contrast  a  cerebral  and  a  spinal  prooess,  in 
raspect  to  the  three  stagoa  of  stintulation.  imidiution,  and 
discharge.  A  luminous  iinpressioo  atiniulate'i  my  retina, 
this  excites  my  sousorium,  in  which  accond  stage  I  am 
conacioua  of  the  luminous  sensation ;  Uie  final  discharge 
is  a  perception,  or  a  mental  articulaliou  of  the  name  of 
the  luminous  object  but  the  irradiation  may  pei'haps 
sot  have  been  sucli  as  to  cause  a  amscioM  soosution.  be- 
cause the  requisite  neural  olcmcul^  ucn;  uln}ady  grouped 
in  some  other  way ;  in  Uiia  case  there  is  an  unconscious 
discharge  on  some  motor  group,  and  instead  of  perceiving 
and  iiamiti^  the  liuninous  ohjc-ct,  1  move  my  head,  or  my 
hand,  or  my  whole  body,  avoiding  the  object,  or  gnisping 
at  it  A  third  issue  is  possible :  the  irradiation,  inatead 
of  exciting  n  deliiiite  perception,  or  a  definite  itiorcmetit, 
may  he  merged  in  the  stream  of  simultaneous  excitations, 
and  thus  foi-m  tbe  cnmponent  of  a  group,  and  the  dis- 
char^u  of  this  ^oiip  will  be  ii  ])crccpLioii  or  a  movement. 

It  is  the  same  with  a  spinal  process.  An  impression 
OQ  the  skin  is  irradiated  in  tlio  co:d,  and  tlie  n-sponse  is 
a  movement,  of  whicli  we  are  oonscioas,  or  unconscioas. 
Hen  also  a  third  issue  is  possible;  the  irradiation  may 
be  merged  in  a  stream  of  simultaneous  excitations,  modi- 
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f>'iiig  tbeni  and  modified  by  Uiero,  thaa  forming  a  com- 
poDcnt  in  some  uUerior  discharge. 

2ij.  I'he  ubsticle  in  tbe  way  of  recognizing  tli&t  ccte- 
bral  prucvsMMt  and  spinal  processes  ate  of  the  same  order 
of  sensorial  phenomena,  and  have  the  Batuc  physiological 
eiguiJicAuoe  ulien  considered  irnt^peciivc  or  ttie  group  of 
oii^ns  they  call  into  activity,  is  aiiniliir  to  the  obstacle 
which  ha-s  prii^euted  pHVcboIagists  from  recognizing  tlic 
identity  of  Iho  logical  process  id  the  combinations  of 
Feeling  and  the  combinations  of  Thought,  i.  e.  the  Logic 
of  Fi-cling  and  the  Ixi^ic  of  Signs.  This  ubetaclo  is  tb« 
Jixing  attention  on  the  diversity  of  the  cfTecU  when  the 
saniu  process  operates  with  dilfereut  ckinentK.  Because 
thi!  spinal  curd  utauifcsti)  the  phenomena  of  sensation  and 
volition,  we  are  not  to  conclude  that  it  also  manifests 
ideation  and  imagination ;  any  mure  than  we  are  to  con- 
clude thjtt  a  mollusc  is  capable  of  musical  feelings  be- 
cause it  is  aflected  by  eouuds. 

27.  The  careieaa  confusion  of  general  properties  witji 
special  applications  of  those  properties,  and  of  functions 
with  pro[>ertie3,  has  been  a  serious  liiniiraiice  to  the  right 
understanding  of  Sensibility  and  its  ojicratioHB.  Instead 
of  rccngtiixiiig  that  the  nervous  system  has  one  general 
mode  of  rwidion,  whicli  remains  the  same  under  cvciy 
variety  of  combination  with  other  systems,  physiologists 
commonly  lose  sight  of  this  gciieml  property,  and  fix  on 
one  mode  of  its  manifestation  as  the  sole  characteristic  of 
Sensibility.  Sometimes  the  mode  fixed  on  is  Pain,  at 
other  times  Attention.  Thus,  when  an  animal  manifests 
no  evidence  of  pain  under  stimulations  which  oixlinarily 
excite  severe  pain,  this  is  often  interpreted  as  a  proof  tliat 
alt  sensation  is  absent ;  and  if  witli  tliis  alMcnce  of  pain 
there  is — ^aa  Uiero  ofti-n  is  —  dear  evidence  of  the  pres- 
ence of  some  other  mode  of  sensibility,  tlie  contradiction 
is  evaded  by  the  assumption  tliat  whut  here  looks  like  evi- 
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dencQ  of  sensation  is  merely  nieulianicai  reflexion.  Oae 
wonlil  tliiiik  that  l'Iiyaiolog>'  and  Piitholo{;y  had  been 
ailcDt  on  the  facts  of  anidge«ia  ivithout  aneatliftsia,  and 
of  so  niticli  conscious  sensation  wliich  is  unaccompanied 
l>y  pain.*  Wlio  does  not  know  that  a  patient  vill  lose 
one  kind  of  sensibility  while  rcUining  othore  — cease  to 
feel  pain,  yet  feel  temperature,  or  be  inMn«iblo  to  touch, 
yet  exf|ui*itely  alire  to  paiu  ?  t  Innsmnch  as  Sensibtlity^ 
dcpcuds  on  the  condition  of  the  (.•cuIris,  an  Kbnortnal 
condition  will  obviously  transform  the  reaction  of  the 
centres  into  one  very  unlike  the  uonnal  reaction.  For 
exnniple,  Anloine  Ctos  had  a  patient  who  was  quite  una- 
ble to  feet  the  seiisjilion  of  cold  on  her  left  side  —  every 
cold  object  touching  her  akin  on  that  side  wna  folt  as  a 
vorj"  hot  one  ;  whereas  a  hot  object  pioiluwd  "  the  sort  of 
sensation  which  followed  the  application  of  an  intermit- 
tent voltaic  current."!  Thus  also  the  experiments  of 
Koee  §  and  others  have  exhibited  the  efTects  of  a.  dose  of 
Pantonine  in  cautiing  (ill  objects  to  Ite  seen  as  yellow  in 
one  stnge.  and  violet  iu  another. 

*  Evnii  to  rmineiit  an  iiivi'iitigntor  iu<  CnLTZ  tiu  bllrii  into  tU> 
Man.  He  tntriHtiim  iiti  npFrimral  to  jirovn  that  the  bninln* 
iiuK^nsililc  tu  |«iii  by  the  wonis  "  wLrti  ilii  rtnimnl,  placed  ium1*c  ciniutn- 
hl>iii^i4 1*  liii/li  woulii  b»  vtaj  pHinful.  itiukn  ua  niuvrnient,  althov^li  ifuite 
rajHiUc  lit  movbg,  tlic  l«ut  wr.  i-*\i  taj  In  Ihtt  it  U  improtNtbU  tliat  the 
imlniftl  liiui  wn«iiilan  "  UVemtTuvntrm  da  FretrAn,  y.  127).  I  nimd  Bot 
dUcoM  tb«  proof  itwlf,  tutvlng  alratdf  ilonn  ta  In  JVafwre,  Tol.  IX.  p. 
ftl.  The  point  tawhiob  1  wuh  to  oil  attontlon  utbecMifnMiniof  uuen. 
hibllily  in  gsncn)  vtth  tiuKnuihlUtj'  to  (vis. 

f  Rn  DvtiHKMXE,  Jk  Sltctrit-Hiim  UxalUSt,  ^  8P8.  flEtMiNaKfi 
riirs  i-«Han*  enmi>lM  of  inmii)  patSi^nt*  wlin  tinvr  tmrnnl  (he  llfah  otT 
their  bonn  while  manirmtinK  a  total  IniHSncnce  to  thcK  itijuriM.  Mo' 
ladia  ilfilata.  p.  M.  Faijiet  layn,  "  Koai  avonn  ru  pJuBiBun  Tda  ■!<• 
alUnJa  t'lucuvr,  ■'■niputu  vui-nivmea  dir^nnt  laKlMtliicnrpaaana 
nttnnaroliraucune  *oiilThinc«."  J.t^aiiiiiM(qmt4t MMiriM Mn 
IM(.  I.  1S9,  Patirntt  [n«i|><\b1c  of  Ueliafi  tlw  contact  rf  a  hnl 
with  their  akin  hnvo  felt  aiityi^^ltve  liuniiaip  In  the  akin  ttiu*  oltJectiFdy 
tn>«nKibl«. 

;  (?1iAa,  /.d  Fonrliirai  niptritHTta  du  Syil.  mertmi,  1S7S>  p.  97. 

g  rircht,w-t  AnMr,  bd.  .tXVIII.  p.  SO. 


r 


THE  BRTLEX   THBORY. 


495 


28.  If,  tlien,  certain  alt«raLiona  in  the  oi^nic  co&di* 
tioQB  am  accoiitpiuiii^l  liy  a  sttpprcssion  or  pervcisiou  of 
flOm«  modes  of  Sensibility,  without  suppressing  the  rest, 
it  is  but  rational  to  siipiioae  that  prot'oiiud  dislurbaucos 
of  the  organic  mechanism,  such  as  must  reetilt  fiom  the 
removal  uf  liie  brain,  will  also  suppress  or  pervert  .suvural 
modee  of  Sensibility,  and  yet  leave  intact  tboso  niodoB 
whicli  belong  to  llie  intact  jMirta  of  the  mechanism.  As- 
suming  that  the  spinal  centres  with  the  orgung  thi^ 
innen'ate  are  capable  of  reacting  undur  certain  modes 
of  sunsatiun,  ihme  will  not  necessarily  be  suppnsssiMl  by 
removal  of  the  brain — all  Umt  will  thureby  be  anp- 
pre^jted  is  Uieir  co-operation  with  the  brain.  I  know  it 
will  be  said  that  pr«ciscly  this  co-opL-ittlion  is  necessary 
for  sensation ;  and  tliat  Uie  spinal  reactions  are  sluiple 
reflexions  in  which  sensatiou  has  uo  purt.  This,  however, 
is  the  position  1  hope  to  turn.  Mcanwliilo  niy  assump- 
tion is  tJiat  sousatioo  necessarily  plays  a  part  in  tlie  reflex 
actions  of  Hie  organism,  and  whun  that  on^inism  ts  trun* 
eated,  it.'«  action.'*  are  proportionately  limited,  its  sensations 
Ie«8  complex.  The  spinal  conl,  sepamtcd  from  ^^nceplialic 
connections,  cannot  react  in  tlie  special  forms  of  Sensation 
Icnowti  as  color,  scent,  taste,  soimd.  ete,  because  it  does 
not  inni^rvate  the  organs  of  these  special  sensus.  nor  co- 
operate with  their  centres.  But  it  can,  and  does,  react  in 
other  mndes:  it  innervates  skin  and  muscles;  and  the 
sensibilities,  thus  excited,  it  can  also  combine  and  co-ordU 
note.  It  has  its  Memory,  nud  its  Logic,  just  as  the  brain 
has :  both  no  longer  than  they  are  integral  ])nrts  of  no 
active  living  oTgnni.im:  neither  when  the  organism  is 
inactive  or  dead.  We  do  not  expect  the  retina  to  ttajxind 
in  sounds,  nor  the  ear  to  respond  in  colors :  we  expect 
each  orga]i  to  iuiro  ilx  special  mode  of  reaction.  What  is 
common  to  both  is  Sensibility.  Wliat  is  common  to  brain 
and  cord  is  Sensibility  —  and  the  laws  of  Grouping.    Id- 
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Btead  of  marvelling  at  llie  dtsappcaraDCQ  of  bo  ntanj 
modes  of  Sensibility  wht'Q  tl»c  brain  is  reinovt'd,  our  sur- 
prise should  be  to  iind  so  many  evidences  of  tiensibiii^ 
rstniuuing  ufTvr  eo  profuutid  u  mutilktion  of  t\ni  mtscb' 
anistn. 

29  The  curr(;nt  byputhcsis,  wliicli  assumes  tltat  tlie 
brain  la  the  sole  organ  of  the  uiind,  thtt  sole  seat  of  seosa- 
ttoii,  is  n  roiimunl  of  tlie  ancient  hypothesis  respecting 
the  Soul  and  its  aeat ;  and  on  tlic  whole  1  tliiuk  the  an- 
cient hypothesis  is  ihu  more  rational  of  the  two.  If  tlie 
Soul  inhabits  the  oi^ganism.  nsing  it  as  im  instrument, 
playing  on  its  organs  as  a  musi<:ian  plays  on  hi-i  instm- 
roent,  we  are  not  called  upon  to  explain  the  mode  of  oper- 
ation  of  this  nijitterious  agent;  but  if  the  Sool  be  tbc 
subjective  »idu  of  the  Life,  the  spiritual  BSpcot  of  tlio  ma- 
terial organism,  then  since  it  is  a  synthesis  of  all  the 
organic  forces,  the  consensus  of  nil  tlie  sentient  phenom- 
ena, no  one  part  can  usurp  the  prerogatives  of  nil,  but  oU  i 
are  roquisiic  fur  eiich.  And  this  indec<]  is  what  fvw 
physiologists  would  nowadays  disi>ute.  In  spite  of  their 
localizing  tcusatioo  in  the  oercbriU  cells,  they  would  not , 
maintain  that  the  cerebral  cells,  nor  even  the  whole  brain, 
coiild  produce  eeusution  —  if  ddaeiud  from  tlie  organism  -. 
the  cheek  of  the  guillotined  victim  may  have  blushed 
when  struck,  but  who  believes  tliat  the  brain  felt  the  in- 
sult, or  the  blow  ?  Obviously,  therefore,  vrhen  we  read 
that  tlioiight  is  "a  property  of  the  gray  substance  of  the 
brain,  as  gravitation  is  of  matter,"  or  that  tlie  btsin  is  tb« 
exclusive  organ  of  Sensation,  Uie  wntcra  cannot  consist- 1 
cntly  carry  out  their  hypothesis  unless  tliey  silently  rein- 
troduce otlier  organs  as  co-operatil^  agents;  for  a  neueal 
process  in  the  cerebrum  is  tn  itat\f  no  more  a  wnaatkiD 
than  it  is  a  muscular  contraction,  or  a  glandular  secretion : 
tlic  musclos  must  C'U-opcmU!  for  the  contraction,  the  glan<l 
for  the  secretion,  the  neural  process  heiug  simply  the  ex- 
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citing  cause.  In  liko  manner  the  Sensorium  ia  aeceaaary 
for  the  sensKtion,  the  nctirAl  proccsa  —  in  ctrcbrum,  or 
ciDuwhere  —  being  aimply  the  exciting  cause. 

30.  A»d  what  i^  the  Seii;»»riii[ii  ?  A  long  chapter 
would  be  required  to  state  tlio  various  opinions  which 
liave  been  held  respecting  iU  »eal,  although  atnid  all  tltc 
disputes  as  to  t)ie  oi^an.  tlinre  bus  been  uuaiiimity  as  to 
llio  function,  which  is  that  of  convertii^  stimuktionA  into 
'  aensatious.  I  cunnot  )iiiu»c  bore  to  examine  the  contend- 
ing ai'gnmentH,  but  must  content  myself  with  expounding 
the  tipinitm  I  hold,  nuin«;ty,  Mint  the  Sensorium  is  the 
)i-/uiU  of  the  sensitive  organism,  and  not  any  one  isolated 
portion  of  it.  Wlieu  light  fnll»  nti  the  optJc  orsan,  or  ftir 
pulses  on  the  auditory  or^itn.  the  reaction  of  each  oq^ 
dutcrniines  the  gptctfic  character  of  the  senmtion,  but  no 
xiieJi  imiatiffn  is  potaihle  unieas  then  he  a  reaction  of  the 
oryaKiam ;  and  the  nature  of  the  product  will  of  course 
vary  with  tho  varying  factors  which  co-operate  —  a  sim- 
ple organism,  a  tntncated  organism,  an  cxhmiKted  or  oUi' 
erwise  occupied  organism,  will  react  diflereutly  from  a 
complex,  a  normal,  or  an  unoccupied  or^ntam.  Detach 
the  optic  orguu  wJUi  ils  c«iitre  from  tlie  rest  of  t]ie  mon- 
ism, and  no  normal  sensation  of  Sight  will  restdt  from  its 
fttinmlation ;  and  in  a  lesser  degree  this  is  equally  true  of 
ii  sliuiuUtion  of  the  optic  otj^u  when  the  sensftrium  is 
exhausted,  or  powerfully  affected  by  other  stimuli  Be- 
cause of  the  great  iiuportunce  of  the  cerebrum,  and  its 
predomioanGe  in  the  nervous  system,  it  has  been  supposed 
to  constitute  the  whole  of  the  senaoriimi,  in  K[iite  of  the 
Dvidciico  of  varied  Sensibility  aflcr  th«  cerebrum  has  been 
pemovetL  I  do  not  wish  to  underrate  the  cerebnil  impop- 
laucc  (see  p.  166),  yet  I  mu«t  say  that  llie  modciii  phrase 
cerebration,  when  employed  as  more  than  a  shorthand  ex- 
pression of  the  complex  processes  whicli  a  cerebral  pro- 
cess initiates,  and  when  tdcen  as  tltc  objective  (tqaiTolent 
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bkge  of  organs,  mai 
maohioe.  The  of^n 
eadi  evolved  from  tli 
8  oommoo  activity,  a 
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many  and  esaential  points  we  conclude  that  he  wilt 
nsemble  them  in  all;  but  observation  proves  this  cod- 
clusion  to  be  precipitate.  Other  men  see  a  blue  color 
ID  thu  sky.  or  feel  awe  at  sight  of  the  setting  8un ;  bat 
he  has  perhaps  not  learned  to  dLScriniUiKte  this  setisatJoi], 
is  uut  conscious  of  the  blue ;  nor  has  he  leanied  to  feel 
awe  at  tho  setting  sun.  \Vby  —  huving  nonnally  con- 
structed eyes  —  does  he  not  see  the  blue  of  the  sky  T 
For  tliu  same  reason  that  a  dog,  or  an  infunt,  fails  to  seu 
it  The  color  hiu  no  intengt  for  him  (and  all  cognition  ia 
primarily  emotion),  nor  has  this  want  of  ]>ersoniiI  intorest 
been  rectified  from  an  impersonal  source :  he  has  never 
been  taught  to  distinguish  the  color  of  the  sky ;  and  his 
■y«  wniulers  over  it  with  the  indifffrcnt  (jazo  with  which 
a  savage  would  regard  a  iireek  codex. 

33.  The  point  here  insisted  ou,  namely,  lliat  every 
roaoUou  on  an  inipres.<iion  is  indirectly  the  reaction  of 
the  whole  organism,  and  that  no  oryun  di^lachod  from  the 
organism  has  mote  significance  than  a  word  detached  from 
a  aentenoe,  ia  of  far-reaching  importanixr,  and  peculiarly 
worthy  of  attention  in  considering  tho  Reflex  Theory, 
because  almost  all  the  evidence  urged  in  support  of  that 
theory  presupposes  the  legitimacy  of  concIudin<;  what 
takes  phice  in  the  oi^nisni  from  what  is  observed  in  an 
organ  detached  from  its  nominl  connections.  No  pxperi. 
mental  proof  ia  necessary  to  shove  that  many  actions  take 
place  unconsciously ;  t!ie  fact  is  tindisputed.  ]iut  does 
unconsciously  mean  inseutiently  ?  It  is  certain  that  tho 
unconscious  actions  take  place  ia  a  sentient  organism,  und 
involve  organic  processes  of  the  same  onfir  as  the  actions 
which  are  conscious.  It  is  also  certain  that  many  wn< 
ticnt  pmccsses  take  place  unconsciously.  For  tlionsands 
of  years  men  used  their  eyes,  and  saw  as  their  descend- 
ants see,  yet  were  unconscious  of  the  blue  sky  and  green 
of  the  grasa.    Were  theii  visual  reactions  not  of  the  same 
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order  OS  our  own  T  So  far  as  the  optic  appaiatos  U  con- 
cerafil.  there  cannot  bu  s  iloubt  on  th«  point ;  yet  in  them 
the  sensorium  having  a  somewhat  different  ili^iiosilion—' 
the  neural  elcmvnt.4  bein^'  dllTerently  combiaeil  —  their 
renctioDS  corrfc«noiiiiiiJgIy  difiVred.  Tliey  Coo  had  optical 
SenaiHlity,  aod  visual  sensnliona;  but  they  did  not  fed 
precisely  what  wc  feeL 

M.  I  have  chosen  ibcse  somewhat  remote  illui^tmtiona 
for  the  sake  of  their  psychological  iuterest;  but  1  might 
have  confineil  myself  to  more  familiar  examplea.  Thus 
the  oontentfl  of  the  consi^iousneas  (rf  a  man  bont  blind 
cannot  bo  t!u  iame  as  the  eonteiits  of  one  who  has  had 
visual  experiences,  which  will  enter  into  the  comphix  of 
every  conscious  slate,  because  the  visual  organs  will  have 
affected  his  sensoriiim ;  novcrtlu-le^^  in  Uio  organism  of 
the  blind  man  there  are  conditions  so  similar  to  those 
of  other  meu,  and  his  experieuces  will  have  been  so  simi- 
lar, that  in  spite  of  the  modi  filiations  due  to  the  absence 
of  visual  experiences,  his  consciousness  will  in  the  main 
resemble  theirs.  But  now  let  iis  in  imagination  pursne 
this  kind  of  modification,  let  us  take  away  hearing,  tmto, 
and  smell,  and  va  shall  have  proportionately  rimpliiled 
the  oontenbi  of  consciousness  —  the  reactions  of  the  sea- 
sorium  —  in  thus  simplifying  the  oiKanism.  There  still 
will  remain  Toiicli,  Temperature,  Fain,  and  the  SyB.teuic 
Sensations,  There  will  still  remain  an  organism  to  react 
on  impresiiions.  So  long  as  there  is  a  living  organism, 
however  trancatoil.  there  is  a  sentient  mechanism.  When 
the  brail)  bos  lieen  removed,  tlio  removal  causes  both  a 
Huturbanfe  of  function  and  a  loss  of  function ;  the  mech- 
anism tuts  been  seriously  inteifetcd  with ;  yet.  uU  those 
pwt«  of  the  mechanism  which  still  co-operate  manifest 
their  physiological  aptitudes^  The  animal  can  live  with- 
out its  biain,  ergo  it  can  feel  n-ithout  its  brain.  Observa- 
tion proves  this,  for  it  discovers  the  brainleai  ooimal 
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mauifcftting  various  senoilulities,  and  combining  vaiiotu 
iitovemeots.  The  vision  of  the  braiulesa  animal  is  greftUy 
impaired,  but  it  ncv«rthele3s  peisists.  Tbe  intelligence  is 
greatly  impaired,  tho  siwutanoity  ia  rcducud  to  a  mint- 
mum  ;  bat  siiU  both  intelligence  and  spontaneity  are 
manifested. 

35.  The  physiologist  baa  only  two  conclusions  open  to 
)tim.  Either  lie  liold:s  iiensation  to  be  a  property  of  ncrvc- 
tissue  —  and  in  tliat  case  Iw  must  assign  it  to  the  spinal 
MVd  ns  to  the  brain ;  or  else  be  holds  Seniiadon  to  be  a 
yktufion  of  an  orj;an — and  in  that  case,  although  aoa- 
tytically  he  may  deoompoae  tlie  organism  into  separate 
oigans,  assigning  special  sensations  to  the  naictiona  ot 
Mohi  ho  nuat  still  admit  that  in  reality  these  oigana  only 
yield  BantBtions  as  component  parts  of  the  orgaotam. 
The  notion  of  a  separate  organ,  such  as  the  brain,  being 
the  exclusive  seat  of  sensatioa  is  thus  gocd  to  be  uiiten- 
ablc. 

In  popular  phnisc."it  is  not  the  eye  which  sees,  but  tlie 
mind  Ijehtnd  the  eye."  It  in  not  the  stimulus  which  is 
tho  object  felt  —  it  is  tlie  change  in  conitciotisucss  —  the 
reaction  of  the  Bensorium.  No  one  would  propound  the 
absurdity  that  the  rctiiiul  ci*lls  seji,  or  the  auditory  cells 
fuar  (althotigh  by  a  conventiomil  ellipsis  these  cells  are 
said  to  be  "  percipient"  of  colors  and  sounds),  yet  many 
writers  have  no  hesitation  in  asscrtiuL'  th  if  ll|.'  i:'.TObT«l 
cells  are  tho  seats  of  these  and  all  othti  ..  n.irj.ui-  la  a 
hundred  treatises  may  lie  read  the  most  precise  dcscrip> 
tion  of  the  tranaformation  of  molecular  changes  in  the 
retinal  cells  into  molecular  changes  in  the  cerebral  colLi, 
where,  it  is  said.  "  we  know  that  the  stimulations  bi^»>nie 
sensadous."  Uow  who  knows  this !  How  can  it  be 
known  f  Nay,  who,  on  reflection,  fails  to  see  that  this  can- 
not be  so  ?  If  a  sensation  of  sight  were  not  niucli  more 
than  a  molecular  change  iu  the  cerebrum  stimulated  by  a 
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molecular  chan^  in  the  optic  tract,  three  conclusioiu  voold 
follow,  each  of  wiiich  is  deuionstrably  prroneous  : — 

I.  The  ciirebniin  in  d  decapitated  uniniul  would  respond 
by  a.  senaatian  of  sight  to  a  retinal  stimulatioo. 

II.  Tti«  aDiiiud  deprived  of  its  ccix^brum  conld  not  re- 
spond by  a  sensation  of  sight  to  a  retinal  atimuktioo. 

III.  Tbti  same  rvtiital  iittniulatiun  would  ulwuys  pro- 
duca  the  same  cerebml  process  and  the  Harae  seniuition ; 
wherens  the  aensatiou  depends  ou  the  cooditioa  of  the 
sensoriuin  at  ihd  tiiuv. 

3C.  The  diflerence  between  tlio  Keflex  Tlicoiy  and  that 
here  uphfld  i.s  imitortant  in  ita  general  reUitionR,  aud  yet 
turns  on  a  point  which  may  easily  appear  iusignificaoL 
The  Kuflex  Theory  asserta  that  when  a  sensory  nerve  ia 
stimulated,  the  excitation  of  the  ccJitre  may  either  sub- 
divide into  twQ  waves,  one  of  which  posses  directly  to  the 
brain  and  there  awaken;^  sensation,  the  other  posees  over 
to  the  motor-roots  and  causes  musctUar  contractions ;  or,  in- 
stead of  thus  subdividing,  the  wave  may  pass  at  once  to  the 
motor-nerves,  and  then  there  is  movement  without  sensa- 
tion. This  is  obviously  a  restatement  in  anatomical  t^rms 
of  the  observed  fact  that  some  reflexes  take  place  coo- 
sdously  and  some  unconsciously.  But  what  evidence  is 
there  for  this  anatomical  statement  ?  Wc  Imvc  seen  tliat 
there  is  none.  According  to  all  we  actually  know,  and 
reasonably  infer,  the  continuity  of  tissue  and  the  irradia- 
tion of  excitation  are  such  that  the  stinuiluB  wave  must 
always  affect  the  whole  s^'Stcni,  so  that  hraiu  and  conl 
being  structurally  united,  their  reactions  must  co-operah; 
M'ith  van-iog  en«i;gy  dependent  on  their  statical  coudittona 
at  the  time." 


*  Thu  Mm  or  k  JtrrJ  aaat-mieal  midutnimi  for  mflcxiciii,  nieh  M  that 
of  B&  eicito.mofory  iyitnm.  ii  complrtely  refntcd  hy  the  foci  that  Uio  nwy 
tiitwluic?  mny  nnynhcrn  \ie  dut  airajr,  uid  y«C  to  long  at  •  Ktiiall  tiring" 
«f  gray  xubaUiiM  nnitiiu  tb«  atimuktlOD  irill  he  pmp*fiLltd  Uiroagh  It, 
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37.  The  pliysiological  fact  that  the  irradiation  is  re- 
itricial  to  certain  paths,  and  therefore  only  certain  por- 
tiona  of  the  whole  system  are  excited  to  discharge — ^^ihe 
fact  that  stimulation  takes  ctTvct  aloug  tlie  lines  of  leaat 
resistance — is  that  which  gives  the  Keflex  Tlieory  it« 
plausible  aspect.  But  this  fact  of  resUictioii  is  not  de- 
pendent on  an  nnatomieai  disposition  of  slractnre,  it  is, 
as  we  have  already  seen  (PKOBijai  II.  §  16l>),  dependent 
on  ft  flnctuating  physiological  disposition — a  temporary 
statical  condition  of  the  centres.  And  it  enables  iw  to 
imdenttani]  why  the  reflex  action  which  i-s  at  one  moment 
a  distinctly  conscious  or  even  a  volitional  action,  is  at 
another  Rub-conacious  or  unconscious.  \Vhen  an  object  is 
placed  in  the  hand  of  an  infant  the  fingers  close  over  it 
by  a  simple  reflex.  This  having  also  been  observed  in  the 
case  of  an  infant  boni  wjtliout  a  hniin,*  one  loight  inter- 
pret it  as  normRlly  taking  place  without  brain  co-opera- 
tion, wore  there  not  good  grounds  for  concla<ling  that 
nonnally  tlie  brain  must  co-operata  Tlius  if  th«  object 
be  placed  in  the  hand  of  a  boy,  or  a  man,  the  fingers  will 
close,  or  not  close — not  according  to  an  anatomical  mocb* 
anism,  but  according  to  a  physiological  condition :  if  tbo 
attention  preoccupy  his  scnsorium  elsewhere,  hts  6ngeni 

Tbti  idea  of  «  JUnl  fiUli  inij/  \n  uLtu  ivrut(il  by  tbo  ttpt  of  tha  nriationii 
in  tlie  nflox  mponae*,  and  ihc  nennnxry  LmdUtioii  evvu  fur  vpry  aiutpla 
rrflnfv  Talc?,  Tor  ciiiiipio,  that  of  breftthlnit.  An  irriuUoii  of  Iha 
iTuiii-lii.-il  fibiuBut*  in  (ransuillul  hf  tlio  pncumofputtric  to  iU  crntrc  In 
tlu'  iiiiuIiiIIm  obliinj^la ;  tram  Itiit.  liuwavn.  it  u  immediutpl;  inniU*t«d 
dtiamv^rdi  to  tho  Bprviial  nud  Aont\  r<^on«.  wliicli  iiiiiiTv»le  Iha 
inu«clH  of  flirst  and  diaphnff"),  ftnd  ujnmrib  to  thu  bnln,  whntlipr'tho 
aliiuulalinn  iwakrn  coDiL'JotuiiBM  or  not.  One  tBMj  lay,  ind«d.  thit 
iniwmiu'h  ■>>  tindiT  uormal  comlitiuna  th«  brouotiUl  imtatiw)  slwajn 
MiiiM  >  mot-cniniil  of  m  jiartjculu'  ({roup  of  muul**,  thwfl  la  to  this  a«- 
tent  B  fiifd  jitthn-ny  of  dU«httrg« ;  but,  iw  I  Iihto  fdnwrly  ixpUIncd,  Ilila 
U  only  VI  cipmuoti  af  llie  [xirticulsr  ti^iiMon  of  juTtiFuloJ'  cciitrr^  uiil 
U  Tjirinlitn  » jtli  llinl  ti-iiuiiu ;  tliv  othrr  iiiiitren  are  >1m  aSiNl«l,  area 
when  they  am  not  txcitnl  Id  dlscliars)^ 
*  L*LL£)t*KD,  AeoUrdiM  tar  VEne^phaU,  111.  tlO. 
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will  probably  close,  probably  not;  if  tiU  Mnaoriuia  be 
dinx-Uxl  tuwanln  th«  objwt,  vitlier  by  the  uiyency  of  ibe 
MBHitive  impression,  or  by  some  oue'a  poiotiii);  to  the  ob- 
jee£,  Um  Gji^-rs  will  olo»e  or  not  clo^-,  ju&t  ils  be  chooaea 
—  perlii^  tttfi  hand  will  be  suddenly  dmwn  away.  The 
centn  of  iniK-rvation  for  t)t«  Gn^rs  is  iu  tbe  cunl.  and 
fiotD  Lbia  comes  tbe  tinal  disdiargc  of  tliu  seoaitive  stiinif 
kition ;  biit  Ui«  neural  ptooenes  which  proceded  tbis  dis- 
chatige,  and  were  couHtiueiit  on  tbc  slimubitioQ,  were  in 
«ttch  wu  sumeAhat  diirerent.  In  each  case  the  inipro- 
tion  oil  the  skin  was  ntrriod  to  the  cord,  and  thence 
irradinlod  thmughout  the  oontimioiu  neural  axis,  re- 
stricted to  certain  paths  by  the  rtsislance  it  met  with, 
but  blending  witli  waves  of  simultaoeoua  excitations  frnin 
other  sources,  thu  final  dischargi:  being  the  resultant  of 
tliese  cuiu)Kinent  t'oK'ea.  We  may  supper  the  brain  to 
be  llw  seat  of  eoiisciousuess,  and  yet  not  conclude  that 
the  brain  was  unaffected  because  the  fingets  closed  un- 
consciously ;  any  more  than  wo  conclude  that  tlie  retina 
of  tlie  unoccupicil  eye  is  unolfected  by  light  when  with 
tlie  other  we  are  hiking  through  a  microscope,  and  only 
sfe  objects  with  this  eye  —  though  directly  vre  alteiid  tu 
the  impressions  on  the  other  eye  we  see  the  objects  which 
before  were  unseen.  Wo  know  that  th<>  miiacles  of  the 
hack  are  all  involved  in  walking,  standin;-.  etc,  but  we 
are  seldom  conscious  of  their  co-operation  till  rheumatism 
or  lumbago  makes  us  painfully  nlive  to  it. 

38.  The  two  niain  jHi-iitiona  of  the  KeSei  Theory  are, 
X*,  tliat  ivBcx  actions  take  place  without  brain  co-opera- 
tion, —  as  [ooved  by  observation  of  decapitated  animals ; 
2*.  that  tltey  take  plaoe  without  brain  oo-wperalion,  —  as 
proved  by  our  being  nnoousciooa  of  them. 

To  tlieae  tlie  answers  are :  1°.  The  proof  drawn  from 
olKcrvation  of  decapitated  animals  is  defeftivo,  beoati.se 
the  oonditions  of  tlic  organism  ore  then  abnonnal  —  there 
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U  a  SMottMBu  of  the  incchanism,  aud  a  1o«s  of  aotne  oT 
its  eomtJblieDtBL  The  fact  that  &  reflex  occurs  in  the 
absence  of  the  bntin  is  no  proof  that  t«fl«x«s  when  the 
brain  is  present  occur  without  its  pnrtidpetion.  2°.  Tlie 
absence  of  conHoion-iiiesi)  cannot  he  accepted  as  proof  of 
the  brain  not  boi^g  in  action,  because  much  brain-work 
is  known  to  pass  anoDnHcioasty,  and  there  arc  ccn.-bi'al  re- 
flexes which  imve  the  same  cliarnctcn  as  spinul  rvflvxvs. 

39.  A  prick  on  tlie  great  toe  trarereeH  the  whole  length 
of  tJie  spina]  axis  with  effects  manife!».led  in  vnrioos  or- 
gans —  tlic  muscles  of  the  limb,  the  heart,  the  chest,  the 
eyea,  etc.  The  leg  is  withdrawn,  llic  heart  moiiwutly 
arrested,  the  eyes  tumvd  towards  the  source  of  irritation, 
the  thoughts  directed  towards  I'eliof.  These  effecLt  can 
be  obi*erved  —  there  are  ottiers  wliich  lie  beyond  our  ob- 
servation, and  can  only  be  revealed  by  delicate  esi^ri- 
tneutal  tests.  But  even  the  obaen'able  effects  are  very 
fluctuating,  because  they  depend  on  fliicttiuting  condi- 
tions. All  we  can  say  is,  that  so  long  as  tlierc  is  con- 
tinuity of  structure,  Uiere  must  be  continuity  of  excita- 
tion; and  the  brain  structumlly  conneclvd  with  the  cuntru 
of  a  Heusory  impreHAion,  roust  necessarily  co-openit*  more 
or  less  in  the  reactions  of  that  centre.  In  other  words, 
llif  brain,  although  not  the  exclusive  sfnt  of  sensation, 
jjlays  a  part  in  every  (Hirticular  sensation,  eo  long  as  it 
fonii!)  a  part  of  the  stimulated  organism, 

40.  This  view  being  so  widely  opposed  to  the  views 
current  in  physiological  schools,  I  was  gratified  to  find 
I)r.  Crichton  Browne  led  by  his  reaearcbea  to  a  condn- 
sion  not  unlike  it  in  essential  featUR-s,  In  his  essay  on 
ttifi  Functions  of  the  Optic  Thalami '  (well  worthy  of 
attention  on  other  grounda)  he  says :  "  Allowing  the  spi- 
nal cord  a  power  of  independent  action,  it  may  still  bo 
Uiat  it  generally  acts  reflexly  througli,  or  in  association 

*  ITeat  Biding  Lmatie  Jii/lvm  B^ijxitU,  1S7S,  T«l.  T.  pp.  253,  t- 
vou  nt.  U 
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vriLh,  u  superior  ountre.  The  sensorinl  guiglia  can  un- 
doubteilly  act  alone  in  a  redcx  toanner,  but  tbey  almost 
invariubly  consult  thfi  cerebrum  before  dealing  witb  the 
impressions  wbicli  tbvy  lec-ctve ;  so  H  may  bo  that  the 
lipiual  tiord,  tbougli  capable  of  spoDtaneoos  reaction,  may 
yet  commonly  refer  to  some  lii>;her  scat  of  compound  co- 
ordination before  sending  fortb  an  ansvror  to  any  message 
brought  to  it."  \\1iat  is  here  stated  as  a  possible  and 
occasional  process,  1  consider  to  bo  a  necessary  and  uni- 
vcTsa)  process.  Dr.  Browuv  acutely  remarks  that  if  *'  wliat 
may  be  termed  tho  encephalic  loop  were  au  integral  part 
of  every  reflex  act,  thun  the  iullueiioc  of  an  intracranial 
lesion  in  checking  reflex  action  would  not  be  difficult  to 
understand"^ and  we  may  add  the  notoriouH  inlluonce 
of  the  brain  in  arresting  reflex  actions,  and  iu<x)ifying 
tbem  by  the  will,  which  is  ouly  e.Yplicable  on  the  supjKt- 
silion  that  the  cerebral  and  spina)  centres  are  functionally 
associated.  Dr.  Browne  furtlier  remarks:  "In  exiwri- 
menting  upon  myself  I  tiave  sometijnea  thought  that 
when  the  tne  is  pricked  the  sensation  of  pain  actually 
precedes  the  movement  of  withdrawal ;  and  in  experi> 
menting  upon  patients  with  sluggish  nor%'Ous  systema  I 
have  certainly  noticed  lliat  after  the  pricking  of  the  toe 
the  little  cry  of  pain  has  anticipntvil  the  miiscnlar  eon- 
tractions  of  the  leg.  Now  this  cry  of  pain  is  a  secondary 
reflex  uct  througli  the  sensorial  centre ;  it  is  the  result  of 
a  discharge  from  efTenrut  nerves  fn>m  tlio  summit  of  what 
we  have  spoken  of  as  the  encephalic  loop  line ;  and  we 
should  certainly  not  expect  that  it  woubl  Imj  dcveloi>cd 
earlier  than  the  primary  reflexion  upon  ilio  motor  appa- 
mtus,  unless  indeed  whatVe  have  regarded  as  the  primary 
reflexion  really  itself  took  place  by  way  of  the  loop  lino." 
41.  The  diOerence  between  a  %-oluntaTy  and  involun- 
tary act  is  not,  I  conceive,  tliat  in  the  one  ca.se  tlic  bntin 
co-operates  and  in  the  other  is  inactive,  but  tliat  while  in 
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both  the  bram  <»^pcntte»,  Uic  stato  of  the  soosorium 
known  as  nteutol  prevision  or  ideal  sbimolstion,  is  present 
in  the  one,  and  absent  or  leea  conspicuous  in  tlie  other. 
So  Ukowiso  tlio  (ItfTi-nince  between  &  Donntl  reflex  actaoa 
accompanied,  and  the  same  action  unaccompanied  by  con* 
sciousneas,  is  not  that  Uie  hiaii)  co-operates  in  the  on« 
and  ia  inactive  in  llie  otlier.  but  that  tlm  8tat«  of  tha  sen- 
ftDriuni  is  somewbat  ditTerent  in  the  two  ca»e^  Move- 
Dtcnti  which  origiuidly  wero  voluntary  and  difficult  of 
execution  —  accompanied  therefore  by  brain  co-operation 

—  become  by  fi-uij^ucnt  repetition  automatic,  cosy  of  ox- 
ecutiou,  and  unconscious  —  they  are  then  said  to  de- 
]teitd  on  the  direct  action  of  the  established  uicchaniKm. 
Grunlcd,  But  what  are  this  compaaeDt«  of  this  mechan- 
ism {  Are  thvy  not  just  those  centres  aud  oi^aus  which 
at  lirst  effected  the  movements !  In  becoming  easy  and 
automatic,  tJio  movcmL-nts  do  not  (hin'je  thrir  m^hnnism 

—  the  moving  organs  and  the  motor  coiiditioos  remain 
what  they  were  ;  idl  that  is  changed  is  the  degree  of  con- 
eciousnei»,  i.  e.  the  Mate  of  the  sensorium  which  precedes 
and  (iiccei-ds  the  movcmcul.  It  is  this  which  constitutes 
the  diHiculty  of  the  question.  Some  readers  may  con- 
sider that  all  is  conceded  when  unconsciousness  is  admit- 
ted. But  this  is  not  »o.  My  present  argument  is  the 
physiological  one  that  the  brain  co-operates  in  reflex 
actions  whenever  the  bmin  is  structurally  unitetl  with  the 
reflex  centres ;  the  psycholo^jical  queation  ii»  to  whether 
consciansncss  is  also  involved  in  this  brain  co-operation 
must  be  debated  on  otiicr  grounds ;  and  we  have  already 
Been  that  consciousness  operates  in  gmdations  of  infinite 
delicacy. 

Observe  a  man  perfonning  some  automatic  action,  such 
ail  planing  a  deal  boanl,  or  cutting  out  a  pattern,  which 
he  has  done  so  often  that  ho  is  now  able  to  do  it  "  me- 
chanically."    It  is  certain  that  his  brain  co-operates,  and 
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Uutt  ha  c<wild  not  net  thits  with  an  ir^nied  bnin ;  yet 
In  b  said  to  net  oncoiiMiomly,  Lis  bniu  occupiod  cUe- 
wboR  ma  h«  whistles,  talks  to  bystanders,  or  thinks  of 
hit  wife  and  ohildreo.  Vet  the  bniu  is  acting  as  an  over- 
•MT  of  bis  work,  attentiTe  to  erery  stroke  of  the  plane, 
ervry  Riiip  of  tho  scisson;  and  this  becomes  evident 
dirccUy  his  attention  is  oUiem-ise  absorbed  by  an  intcr- 
Mtiog  question  Mldracied  to  him,  or  an  interesting  object 
mMtinfc  bis  tvc:  tltcn  tlii>  work  pauses,  his  haiids  an 
Wnitad.  and  the  automatic  acUon  vtll  only  be  resumed 
wktm  bis  attwtiou  is  nlmsed — Then  be  has  answered 
ymtr  i|tHMtiou,  or  sntistied  liiiii»oIf  about  the  object. 

a.  This  is  a  step  totranls  understanding  the  oomperft- 
tioa  of  the  bnin  even  in  tbose  connate  reflexes  which 
wen  not  otiginaUy  Toluntaiy  acts,  bat  were  from  the 
ftrst  oipuiitad  tendenoie»,  and  are  capable  of  being  real- 
izotl  in  the  absence  of  ibe  brain.  I  admit  that  it  is  diffi- 
cult to  Rnd  )>nMif  of  lirain  coM>peration  here,  tbongh  1 
think  Ihe  uiuktouiical  and  physiological  widence  render 
it  hi);hly  probAhle.  Jtitt  distinct  proof  to  the  contrary 
wouUl  iMil  suffioo  for  the  Ee6ex  Theory  —  wonld  not 
prnvt'  ihftt  r^Dex  actions  were  insentient  —  unless  tlicrc; 
had  (travioasly  been  proved  that  which  seems  to  me  con- 
Iradiolod  by  tlie  clearest  and  ino»t  nuissive  evidence, 
natuoly,  il»t  the  bnin  is  the  wle  Mat  of  sentience.  This 
wutradictoiy  evidence  we  will  now  furni&h. 


TTOE  TtSnXX  TVEOKf. 


fiO» 


CHAPTER    III. 


INDUCnOSS  FROM  PARTICULAR  OBSBRVATIOSB. 


43.  In  the  lust  chapter  wc  surveyed  the  deductive  evi- 
dence, from  which  the  conclnsiuii  woa  that  Itvtlcxion 
necessarily  involves  Sensibility,  but  not  necessarily  any 
one  particular  nwdf  of  8on»ibtlity.  such  aa  ('oitaciou.tiien, 
Pftin,  Diacomi'ort,  Atteulion,  or  the  reaction  of  any  one 
of  ttie  special  Senaea  Although  each  or  all  of  these 
modes  may  be  involved  in  the  sensorial  process  which 
detennines  a  reflex  act,  each  or  all  may  be  absent  Such 
ia  the  fact  of  observation.  This  fact  is  intorprvted  on 
the  hypothesis  Hint  Iteflexion  ia  the  e}:<:Iuftive  property 
of  the  spinal  cord,  as  Sensatiou  in  of  the;  brain.  \Vlien 
we  oome  to  examine  the  evidence  for  this  hypotheaiR,  we 
find  it  to  move  in  a  circle:  the  brain  i-t  stud  to  be  the 
exclusive  seat  of  sensation,  because  reflex  actions  can  be 
effected  aftei*  ita  removal ;  and  reflex  actions  are  said  to 
bo  inisentieub  because  they  take  place  in  the  absence  of 
the  brain. 

A  gentleman  wa-i  one  day  st«utly  asserting'  that  there 
wore  no  jjold-fields  except  in  Mexico  and  Peru,  A  nug- 
get, dug  up  in  (Talifomia,  was  presciibcd  to  him,  as  evi- 
dence against  his  poeitii'c  assertion.  He  was  not  in  the 
least  disconcerted.  "  This  metal,  air,  is,  I  own,  extremely 
tiki  gold ;  and  yon  tell  me  tJiat  it  passes  lu  such  in  the 
market,  having  been  declared  hy  the  assayers  U)  be  un- 
distinguishable  from  the  preciuus  niulal.  All  (his  I  will 
not  disputa    Nevertheless,  the  metal  is  not  gold,  but 
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ourumtnixin ;  H  cannot  1m  gold,  htaam  gold  coiMS  oolj 
tnta  Mexico  and  Pero."    In  rain  was  be  informed  that 

the  gao\ogie»\  formation  waa  ntnilar  in  CalifrTnia  nod 
Pern,  and  Uie  metaU  'iniihr ;  be  bad  &xed  in  liis  mind 
tbe  coQcIonon  that  gold  existed  on/jr  in  Mexico  and  Pern: 
tbis  waa  a  law  of  nature ;  be  bad  no  reaaoos  to  give  why 
it  shottld  be  so;  but  Bodi  had  been  tbe  admitted  fiict 
for  many  yean,  and  from  it  he  vonld  not  ttwcrve.  He 
waa  not  fond  of  Dew-fangled  Dotioos,  wliicb,  after  all, 
would  only  lead  us  tack  to  tlie  oxpl<;<led  amn  of  tbe 
paat.  Tb  accept  tbe  statement  that  gold  was  to  be  fonnd 
elsewhere  than  in  Mexico  aod  Peru,  would  be  to  retam 
to  the  opioioD  of  the  ancieuta,  who  thought  there  was 
gold  in  the  upper  regions  of  Tortaiy ! 

SensBtioa  is  not  tan^'iblo.  a^sayable,  like  gold.  We  can 
nndecstand,  tbereftne,  that  the  very  raau  who  would  make 
tnarry  with  the  aurumtiuOTn,  would  accept  easily  sncb  a 
phrase  as  "  rsflex  action ."  Tbe  decapitated  animal  de- 
fends itaelf  against  iqjury,  gets  out  of  tbe  way  of  annoy- 
ances, cleans  itself,  perfonm  many  of  its  ordinary  actions. 
but  is  said  to  do  these  things  wiUtotit  that  Scosibili^ 
which,  if  its  head  were  on,  would  guide  tliem.  Even  be- 
fore the  Keflex  Theory  was  invented  this  line  of  aiga- 
ment  waa  UHed.  Oall,  referring  to  the  expeiiinents  of 
Sue,  previously  noticed,  says  that  "Site  confminds  the 
cflccts  of  Irritability  with  those  of  Sensibility."*  Not 
gold,  dear  sir,  but  auruminium  ! 

44.  On  investigating  the  phenomena  we  soon  come 
upon  two  classes  which  most  cause  hesitation.  We  6nd 
that  the  brain  has  it-i  reflex  proces»c»,  of  the  same  order 
as  those  of  the  cord ;  we  find  that  t1iu«e  processes  may 
be  coii§ciou9  or  unconscioun,  voluntary  or  involuntary ; 
so  tliat  Wis  can  no  longer  separate  bntin  from  cord  on  the 
ground  of  IteSexion.  In  this  respvctv  at  least,  the  two 
■  flAU,«  BrcsxnKtM,  Anal,  ft  nyria/.  du  SjpUnu  Xemmx,  t,  M. 
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uro  mechanisms  with  siuiilar  iwu-cis.  Turning  now  to 
the  other  class  of  phenonieiia,  we  6nd  that  precisely  as 
the  brain  is  aq  organ  of  Itcllexion,  the  cord  is  an  oigan 
of  Sensation.  All  the  ovidcucc  wo  can  havi^  from  which 
ta  infer  the  presence  of  senaatioa.  is  furnished  by  the 
sensorial  i>roce»«(.-s  in  the  coi'd.  liemove  the  braiu,  and 
the  animal  still  manifests  Sensibility,  and  thi»  in  de^cs 
of  energj-  and  complexity  proportiooal  to  the  mechanisms 
still  intact :  some  of  these  manifestulious  have  the  char- 
ticter  of  volitional  action!),  some  of  automatic  actions, 
some  of  MuinoT^',  Judgment,  and  selective  Adaptation. 
These  we  observe  not  indeed  with  the  enei^y  and  variety 
of  sucli  manifestations  when  tlie  bniiii  co-opcmte*,  since 
the  disturbance  of  the  ovganism  which  is  the  consequence 
of  the  brain's  removal — or  the  meagrenesa  of  the  oigoD- 
ism  which  i^  the  coTTcIntive  of  the  brain  never  having 
been  developed  —  must  of  course  involve  a  corresponding 
difference  in  tlie  obsened  plieuomena ;  but  the  point  here 
brought  forward  is  that  phenomena  of  the  same  t/rtler  aro 
manifested  by  oi^ui-ims  \vil)i  ur  witliout  a  bmin. 

45.  Let  us  go  seriatim  through  the  evidence  of  these 
two  cla.<ues :  — 

CEREBR.\L  BEFLEXES. 

While  TI)eory  separated  the  acUons  of  the  cord  from 
those  of  the  brain  on  the  ground  of  their  being  at  times 
unconscious  tind  involnutory.  Observation  disclosed  that 
this  distinction  could  not  be  maintained. 

This  step  was  taken  by  I>r.  Laycock  in  1840.  In  a 
striking  paper'  read  by  him  at  the  British  Association  in 
1844,  he  brought  together  the  e\'idence  on  which  his  view 
was  founded.  The  idea  has  been  adopted  and  illustrttted 
in  the  writings  of  Dr.  Carpenter,  who  now  calls  the  action 
"  unconscious  cerebration." 

•  Priiitwl  ia  tha  Sritit/i  amt  farc^  Mtdieal  JUfimc,  Ju.  18U. 
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fpioal  eenl.  BWt  Beteiwrily  be  regnhtcd  as  to  tbdr  re- 
actkn  onorteniel  wgeoam  by  Uws  ideotiaU  wttli  Utuee 
gorenibg  IKb  spiml  3»b^»  end  tbor  enhigiM*  in  tbe 
loirer  nntifftH  it,  Uierefbre,  the  spinel  cord  is  s  ceaUv 
of  nOexioa,  tfae  bnin  murt  alio  be  me."  It  »  a  meU«r 
of  ngret  diet  t>r.  lAvcock  did  not  extend  this  principle. 
Mid  dedare  Ihat  wlMterer  vaa  trae  of  the  pnpmtia  of 
the  ennial  centres  most  alao  be  tmv  of  the  spinel  cen- 
ties ;  ir  tlw  bnin  have  Setuibility,  the  spimJ  cord  moat 
also  hare  it 

Dr.  Laj-oock  refen  to  the  cnrion*  phenomena  of  Hydro- 
phobia in  proof  that  reflex  actiom  may  be  excited  hy  the 
opUe  nerree,  or  by  a  in«re  idw  of  water.  When  a  miiror 
WM  pneentcd  to  a  pattuol,  the  reflexion  of  ilie  light  act- 
ing OD  his  retina,  in  the  manner  of  a  reflexion  from  the 
■nrfaee  of  water,  prodncnl  n  conviitsivt'  »:>l>1>ing,  n«  id  the 
attempt  to  swallow  water,  and  the  patient  turned  aside 
his  liead  with  expressions  of  tcnvr.  Money  was  given 
him  to  induce  him  to  look  a  second  time,  but  before  he 
had  looked  a  minute  tl>c  same  effect  was  produoed 

Ilie  idta  of  water  excited  similar  convulaiona.  No 
aooncr  was  it  HUggested  that  tl>e  patient  should  swallow 
a  little  u-utCT  than  he  seemed  frightened,  and  began  to 
ciy  oat  By  kindly  eticoiirageRtcnts  he  was  brought  to 
express  his  willitigni-ss  U>  drink,  but  the  sontul  of  the 
H'fltcr,  OS  it  was  poured  out  again,  brought  on  couviUsionfi. 
In  anotlier  case,  "on  our  proposiug  to  him  to  drink,  he 
startixl  \ip,  and  recovered  hie  breath  by  a  deep  convulsivo 
inspiration.  On  being  urged  to  try,  he  took  a  cup  of 
water  in  one  hand  and  a  spoon  in  the  other.  \Vit1i  an 
exprvssioii  of  terror,  yet  with  great  resolution,  lie  filled 
the  spoon  and  proceeded  to  oorry  it  to  his  lips ;  but  be- 
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fore  it  reftched  liis  luuutli  his  courage  fotsook  liiin,  nnd  he 
was  f<irct;d  to  deaisL  He  repeatedly  nuewed  the  attempt, 
but  with  uu  uioi«  sucvcu.  His  arm  became  rigid  uiid 
immovable  wlienever  he  tried  to  raise  it  to  his  mouth, 
iitid  lio  stni^led  in  vatn  againal  this  spasmodic  resist- 
ance." 

In  1843  Griesinger  —  who  appears  to  Imve  known 
notliiuf;  of  Dr.  Laycock's  paper  —  publisliwl  his  reiuark- 
ablj  sujjgesttre  memoir  on  Fnychical  HeAexe-i  *  >n  which 
be  extends  tho  priucipli;  of  Kcflcxion  to  all  the  corvbro- 
spinal  centres.  The  whole  course  of  subeeqitent  research 
has  cuiifiituud  this  view ;  so  that  wo  may  say  with  liiii- 
diy,  "L'existence  du  pouvoir  rvttexe  dana  I'encephftle  ou 
dans  quelquea  uiics  de  ses  parties  ^tabtit  une  nouvelle 
analuji^a  ciitre  le  cvuUxi  ncrveux  cranien  ct  hi  moclle 
tpini^re.t  Indeed  we  have  only  to  consider  tbe  Uitight«r 
which  follows  a  kdicrous  idea,  or  tins  Tiurur  which  fol- 
lou-s  a  suggestion  of  danger,  —  the  varj-ing  and  involun- 
tary expression  of  Emotion, — and  Uie  cnrious  phenomena 
of  Imitation  and  Cunt^<;ion,  —  to  see  Iiuw  large  a  place 
cerebral  reflexion  occupiea. 

46.  Tlie  existence  of  ccrcbmi  reflexion  having  Iwen 
tlins  made  manifest.  Ih".  Carpenter  classed  all  reflex 
actions  under  three  heads :  1°,  tlie  excito-motor,  deter* 
isiucd  by  the  spinal  con] ;  2^,  the  seiisori-mulor.  de- 
termined by  the  ganglia  at  the  base  of  the  brain ;  3°, 
ideo-niotor,  determined  by  the  brain.  From  all  tlipse 
Consciousness  is  absent.  From  the  first,  he  suppoaea 
Sensation  to  be  absent.  As  au  artifice,  such  a  classiG- 
catiun  may  have  its  value,  but  it  is  phynologically  and 


■  GuwJKon,  Jihandtungen.  1ST!-  Tbe  ftnt  vatnut  <OBtaiu  a  i»- 
]>riiit  of  Ihii  memoir. 

i  LaNdrt,  TmiU  dtt  Paraljfiitt,  1.  55.  Conr.  Zuvauiii.  Cham  in 
thtHmuthuAdirtjmitlUmMtlOfie.m.  XU.  2,  p.  403.  Attd  Urn, 
et«dc»iUph9tiaLttpiaM.tMbralit,  1S74,  p|K  t)tf-04. 
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peycbologically  misleaiding.  It  snstaina  Uie  bypotbests 
of  an  itMginzTj  excito-motor  tneebaniiun.  It  rvstricts 
Sensibility  to  ooe  of  its  nui^  modea  It  fniU  ollogetber 
to  eonnect  Sensation  willi  Thought,  tlie  Logic  of  Feeling 
with  tb«  Logic  of  Signs. 

47.  The  view  of  Seosibility  as  comtnon  to  the  whole 
ceielnD-spiDoJ  axis  in  by  do  mc«i>8  new.  Bobeit  Wfayti 
msiatained  it  I'rocltaaka  held  tJmt  the  spinal  cord 
fornie<l  tlic  greater  port  of  the  AnumKin  tommune;  und 
he  odduued.  in  proof,  the  familiar  facts  of  sensibility 
manife-tted  by  headless  animals.  Tlte  next  writer  wltoni 
I  can  disvovvr  to  biivc  held  iliis  opinion  is  J.  J.  Sue,  — 
the  latiier  of  the  celebrated  French  rooiance- writer, — 
who,  ill  1803,  conceived  tliat  his  cx]>cnmttuu  proved  tlie 
spinal  cord  to  bo  capable  of  replacing,  to  a  certain  ex- 
tent, the  functions  of  tlie  brain.*  Kext  caino  LE^lo)!t,t 
who  nndeitook  U>  aliow,  by  a  series  of  expciimenls.  that 
the  principle  of  sensation  and  movement  in  the  Intnk 
and  extremities,  lias  its  seat  in  the  spinal  cord  The 
mere  division  of  the  cord,  he  said,  produces  "  the  nston* 
ishtu"  result  of  tm  animal,  in  which  the  head  and  the 
body  enjoy  separate  vitality,  the  heml  living  a.>i  if  tbe 
body  did  not  exist,  and  Dio  body  living  as  if  the  hoad  did 
not  exist.  Guinea-pig!*,  after  decapitation,  seem  very  aen> 
eittvc  to  the  pain  caused  by  the  wound  iu  the  neck ;  they 
alternately  cany  first  one  hind-leg  and  then  the  other,  to 
tlic  spot,  as  if  to  scratch  it.    Kittens  also  do  the  same-" 

A  few  years  aftonvards,  1817.  Dr.  Wilwn  Philip  con- 
cluded that  "the  spinal  marrow  possesses  sensorial  power, 
OS  appears  from  very  simple  experiments  " ;  but  he  held 

*  Ser-,  KecAerelii*  Pkilimpktqva  tur  ta  Vilaliu  il  U  GiUamimiie,  p.  D. 
Ilr  «•*  not  oonustvBt,  liov-tnr,  liut  u]opt«il  Bichit'a  oj^Ion  iHiwctin^ 
the  Mintiliility  at  itie  -I'acnn^  )>.  69. 

i  \,r.axu»\*,  EtpiHtnet*  nir  U  primtipt  dt  la  vie.  PaUiahed,  ]  eoiii- 
clnil*,  in  1811;  thpc^itton  I  nie  it  Uwone  prtnUd  in  lb» RxjieUpUit 
tilttliMkt,  IV. 
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the  brain  to  be  the  Mte^sgurce  of  sensorial  power.*  The 
following  year,  LnUemand  tupporttid  tliis  opinion  by  tho 
very  curious  plieooniena  exhibited  by  itilanto  bom  with- 
out bmin8:  theae  infants  bniathed,  swallowed,  snckcl, 
squalled,  and  gavo  v«ry  uoeqiuvocal  signs  of  seusibility. 
The  value  of  such  observations  consists  in  disprovinjj;  the 
objection  frequently  urged  aj^ainst  tho  evidence  of  dccftpi- 
tated  niiimaU,  namely,  that  in  these  animals  the  spinal 
«ord  pr«ser%'cs  the  remaina  of  a  sensibility  endowed  by 
the  brain. 

Lou^t  hero  plACM  an  observation  recorded  by  Iteycr. 
A  new-born  infant,  whose  brain,  during  tho  birth,  liud 
been  completely  extirpated  (to  save  the  mother's  life), 
was  wrapped  in  a  towel,  and  placed  in  tlnj  oom«r  of  tlie 
room,  ns  a  lifeleiis  mass.  While  tho  sur^eou  was  giving 
all  bis  care  to  the  mother,  he  heard  with  horror  a  kind  of 
murmur  procec<ling  from  the  spot  where  the  body  had 
been  pkct-d.  In  three  minutes  a  distinct  cry  was  heattl. 
Tlie  towel  was  removed,  and,  to  the  surprise  of  all,  this 
biuiitless  infiiut  was  seen  xtru^hn^  wiUi  rapid  movement 
of  ita  amia  and  legs.  It  cried,  and  gave  other  signs  of 
sensibility  for  sovunil  niinute'*.+ 

lu  1S2S  Culincil  arrived  at  tlic  same  conclusion  as  that 
reached  by  Legallois.  Wilson  Philip,  and  Lalletnand.  In- 
deed when,  in  1833,  the  Reflex  Theory  appeared,  this 
opiuiun  was  bo  6nuly  rooted,  that  we  find  Mr.  Gniingev 
combating  it  as  the  established  error  of  the  day.  He 
takes  a«  much  poiua  to  sliow  that  pliysiologi*!*  are  wroug 
in  attributing  sensation  to  tho  spinal  cord,  as  I  am  here 
taking  to  show  that  they  were  rightj     "  It  is,  iudoed, 

•  WiuwN  PiiiLir,  BrjieHmmial  /if  uiVy  Mo  Ai  Law*  of  iMt  Viud 
Furutioat,  pp.  20U,  310. 

■t  LoKOET.  TmiU  de  Phyriologit,  II,  lOB. 

i  Ha  cllca  Cnrwr.  U^uiidui,  Uoauouliiu,  uid  Majro  u  Dwlntiialng 
Ibii  eiTor- 
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apparent,"  he  says, "  Uiat  the  wbolo  question  conoeniiag 
lliu  tnilli  or  faliKihood  of  the  theoiy  which  attributes  tba 
reflex  pawLT  lu  tliu  ayiaai  cord  hinges  apoii  tbe  oottbcI- 
nesa  or  iiMx>TTectne&3  of  the  received  docttioes  respecting 
the  aeat  uf  Maaation  aud  volition ;  m  lltat  until  tlioM 
doctrines  are  proved  to  be  false,  it  in  iupoesible  to  aatslv 
Uak  the  h)  puthesis  of  IJr.  HalL"  ' 

The  reader  is  rec|ueete<i  to  take  note  of  this,  becaose 
wbeu  wc  come  to  the  evidence  which  proves  tlie  spinal 
cord  to  be  a  centre  of  seusulioii.  vc  shall  find  Uiat  Qto 
only  ground  for  rejecting  that  evidence  is  the  aaautaed 
truth  of  the  ICvflux  Tbeor}-,  coupled  wiUi  tlte  noiimption 
of  the  brain  being  the  excltiai\'e  seat  of  aeusatioa. 
Whereas  if  the  evidence  proves  ttiat  the  spinal  oord  it  % 
aensational  centre,  then  the  lU-tlex  Theory  is  dastroyed, 
and  cannot  bo  urged  against  sucit  evitleiKe. 

48.  Thus  niiujr  of  the  facts  wbidi  prove  the  sensa- 
tional function  of  the  spinal  cord  were  known,  aod  oven 
a  va^e  conception  of  their  rvul  sigiulicance  was  general, 
until  the  Kefiex  Theory  came  to  explain  all  sach  &£t«  as 
the  results  of  mechanical  adjustment,  and  of  a  new  ner- 
vous principle  caltcd  "  KcSexioD-"  For  many  years  this 
theory  has  reigned,  and  rnct  with  but  little  oppoeiUotL 
Yet  the  true  doctrine  has  not  wanted  defouders  in  Oer- 
many.  Kassu  f  denied  that  decapitated  nnimak  showed 
no  spontaneity ;  lie  asserted  tliat  they  exhilnted  clear 
signs  of  moutal  activity.  Carus  Harcastically  pointed  out 
that  the  Mwrf  "  reflex  "  Was  replnciiij,' -  irritability,"  as  a 
key  to  unlock  all  puzzles ;  and  he  took  up  a  position 
which  ia  verj'  »initlar  to  tlie  one  occupie<l  in  these  pageSi 
namely,  that  the  spinal  t-ord  boing  formed  of  gray  matter 
as  well  as  of  fibrea,  it  mii»t  have  sensibility  and  power  of 
reacting  on  ncn'Oiis  stimulus,  no  lisss  lliuti  conductihility ; 

•  CsAiKOBB.  StnrlKrt  and  PiattUmi  of  tit  ^nitl  Cord,  p.  M. 
t  HiMr,  UiOtT*.  tuT  rhusColepi  mvl  PaUutogit,  VoL  IL  fvX  S. 
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thaty  ID  fact>  it  is  a  ecntn^  uiid  must  act  like  nil  nther 
nerve-oeiitrea*  J.  \V.  Arnold  opposed  the  Hct!cx  Tbeorj* 
in  a  vi'iy  ivinarkalilu  little  work,  in  wliicfi  lie  vindicates 
the  claim  of  the  epinat  cord  as  a  sensory  and  motor  cen- 
Iro,  «lUio(i};li  denying  to  its  actiona  any  volitional  char- 
acter.+  This  waa  iu  1844.  Klovvii  years  clup«od  without 
any  further  op|x)sition,  when  Edward  Pflilger,  in  18S3, 
published  his  work  on  th«  Sensorial  Fiiiivtions  of  the 
spinal  cord.*  In  this  «ork  lie  incurred  to  the  old  views 
of  ProcIia»ka  and  Ix'gallois ;  but  although  h«  attacked 
Marshall  Hall  with  mtTciii'ss  severity,  he  did  not  point 
out  the  fundamental  error  of  the  Kcllex  Tlii^ry,  wliicli 
tlieoiy  be  seems  to  accept  Kor  did  he  give  hia  views 
Uiat  philosophical  and  anatomical  basis  which  could  alone 
i-cuder  hi*  interpretations  acceptable.  Added  to  this,  the 
tone  of  aeperit)'  in  which  bis  work  was  written,  created 
some  projudico  against  liim;  and  thus,  while  many  ad- 
mitted liis  facts,  they  rejected  his  conclnsion!.§ 

In  1858  Professor  Owen  read  a  paper  of  mine  at  the 
l.eeda  meeting  of  the  Itritish  Association,  on  "Tin-  spinal 
cord  as  ft  cciilrt;  <>(  Sensation  and  VoHtion,"  in  which  a 
rapid  indication  of  my  point  of  view,  and  an  account  of 
some  experiments  to  illustrate  it,  were  given — not,  I 
believe,  conclusive  to  any  of  the  audience  Indeed,  the 
subject  was  too  vast  to  be  discussed  in  Huch  a  paper ;  and 
my  object  was  rather  to  excite  new  iiiquirT,-,  than  to  make 
converts  to  a  view  which  could  only  be  embraced  after  a 
thorough  reinvestigation  of  the  dominant  theories. 

In  1859  appeared  Scliiff  "s  work ;  1|  and  here  we  find  a 

*  CjiRirs,  S!/itmt  drr  Phtiniatttji' .  III.  101. 

t  J.  W.  Afisoi.n.  /fti  Ltlirt  MB  rffr  BtJUct-Ftmelitm,  88. 

;  PrLrriKN,  Di«  taiaarittAfn  f\inctimtti  du  Me/Mnmarit  <Ur   WW- 

Mlhirtt. 

I  Excvpt  AmttnAOH,  irho  repeated  and  inui«d  the  (vpFrimentJ  ;  fttid 
Ki'NKX,  vho  partuUf  adoptfil  the  coachiBfoiis  in  hu  tjrMciruttli:  trotiM 
nn  rhi>lii1cif[y. 

;i  Scir.rr.  Uhrback  drr  PhuwioloyU,  208. 
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tioaa  in  the  taaia  vkicli  tfae^  havv  Dot  to  tlie 
end : —  if  ooe  has  Moability,  the  other  tmst  faAve  it ; 
■nd  be  tliiaka  tlMtt«>  br  tnm  the  actiom  of  thi>  omd 
bang  dattagstilMU*  bom  those  of  the  bnai  by  the 
ebaaetmt  of  "leflexjan."  and  depeodiag  on  a  medmtkil 
amageBMnt— alIactioM,«a^nl  or  afuiial.  an  nln; 
o/Z  (Itqwiid  on  a  raedancal  ■nu^MDenL* 

Since  that  time  thcK  hfts  been  the  remadabfe  woric  of 
GoIlz,  m  often  cited  in  thae  |>ages,t  <u>d  hit  MibaeqiMnc 
exp«TJmeDU  on  dc^,  whicb  ( although  he  does  not  dad- 
aively  udopt  the  views  of  Pfliiger )  f tinii»h  ample  evidence 
that  seosaiion  and  volition  cannot  be  eKclusively  localind 
in  tlic  bmiu. 

49.  IleabeTs  interesting  experimcnl«{  show  that  u 
frog  may  be  thrown  into  a  state  of  profound  sleep  bv  tfie 
witbdrsvsl  of  all  external  stimulation,  and  in  this  lOatv 
will  remain  lying  on  iu  bock  for  boura.  Now  this  posi- 
tion in  one  BO  very  nncoinfortabl«  that.  wbcD  awake,  tbe 
frog  will  not  retain  it  a  moment,  if  free  to  turn  round ;  and 


I 


*  Lun»T.  TVoaU  im  ^rwfytim.  18M,  B«laUiM  tiMl  thi  eonl  U  a 
MDtr*  «f  mintkni,  and  Uut  Htm  U  b  it  a  faculty  iai»ltyinu  to  the  pcr- 
captioD  uiil  Jodptmnt  of  tbc  Inin.  Comfsn  pp.  103  M  ff^  awl  9M. 
He  bIid  cJCn  Ml  tM*j  by  Dr.  P*to:v  ef  Edinbnuth  <  KJiatvrfk  Mtdimi 
Jatimal,  IBM ),  i*  which  the  vnaitiaiiwl  and  rolilioiul  dtdau  of  th« 
a^nal  coni  are  ad*aiK(4. 

-t  GoLTx,  jBMft«j)«  Mr  I«Af«  von  o!ai  Fundimrn  der  J^rrwwnaMWi 
iteAwAu,  iseiL 

t  FJfOgrt't  Ankiv.  Bd.  Xir.  (^  )5S. 
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wliea  asleep,  ft  prick  on  the  toe,  a  sadden  noise,  or  a  beam 
of  light  will  awaken  it,  cauMUig  tt  to  luni.  Tlmt  is  to 
my,  the  wiUjdrawal  of  the  Domia]  stimuli  aa  lowers  the 
sentiibility  of  th«  ff^jj'a  iierve-oeiitres,  that  be  does  not 
f^  the  eflects  of  llio  uiiii«tiEil  [wKiitiuii,  but  fovls  them 
directly  the  centres  nre  stimulated  into  activity.  jUl  litis 
is  iotelU^ble  enough  on  th«  supposition  of  the  stat«  of 
sleep  being  dependent  on  a  lowering  of  th«  cerebm! 
activity.  But  what  dm!!  we  say  on  learning  tJiat  pr^ 
ciaely  the  eame  phenomena  arc  tiuuiif«Btcd  by  a  bnunlvss 
froy  f  Kvcry  one  knows  that  the  brainless  frog  is  intoU 
eraut  of  lying  on  its  bade,  and  iniin(!diitt«Iy  lutiis  round, 
if  placed  ou  it  Yet  the  bminlcss  frog  may  be  thrown 
into  deep  sleep  by  the  same  exclusion  of  eitema)  stimuli ; 
from  wliich  he  also  will  be  awakened  by  a  pride,  a  nois^ 
or  a  beam  of  light ;  and  no  sooner  is  he  awakened  than 
he  at  once  turns  round.  Were  the  bntinless  frog  in»!a- 
pable  of  sensatiou,  u  prick  oii  his  toe  wmdt)  cause  a 
simple  rellex  withdrawal  of  the  teg;  but  this  is  not  the 
effect;  on  the  contrary,  the  stimulus  excites  the  whole 
spinal  cotd,  and  what«ver  Heosution  of  discomfort  may 
be  caused  by  the  abnormal  position  of  tlie  limb-i  in  an 
unii]Jursd  awakened  frog,  is  excited  in  tlie  brainless  frog. 

50.  I  need  not  swell  this  chapter  with  examples  of 
Sensibility  in  animals  <tepTived  of  the  brain  ;  many  have 
alrcaily  Iwcn  given,  and  any  text-book  of  Iliysiolog)'  will 
supply  more.  No  one  di.^utes  the  obscrvatkms,  only  the 
inference  Ibat  these  niuiiifcstations  were  seslient:  they 
are  said  to  have  been  merely  mechanical  reflexes.  If, 
however,  we  can  detect  in  them  gome  evidence  of  what  all 
recognize  as  peculiarly  characteristic  of  Mind,  the  mechan- 
ical interpretation  will  be  less  plausible. 

At  the  outaet  the  reader  must  bo  warned  against  exa^ 
gerating  and  distorting  the  bearing  of  my  r«mark.i,  and 
mast  not  suppose  that  I  disregard  the  vast  differences 
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between  tlie  Logic  of  Signs  wbicli  belongs  to  Tbotigbt, 
ami  the  Logic  of  Feelinj;  which  belongs  to  Sensation,  nor 
»u|>poH«  that  I  look  niKin  the  spinal  conl  as  a  inuntal 
ot^i  having  the  same  fiiuctions  aa  tlie  bmiu.  All  that 
I  wish  to  e»tAblish  in  the  common  citaracter  of  spinnl  und 
<»rvbral  processes,  modified  as  each  is  by  the  character  of 
the  Actions  initiated  by  the  process. 
51.  ThiH  prcDiiscd,  let  ud  begin  with  the  evidence  of 


DISCK»imATIOX. 

Although  this  process  is  usually  regarded  as  purely 
p^chological,  it  must  obviously  have  iU  physiological 
side;  wo  iiud  it  in  Sensation  os  in  Ideation,  and  may  ex- 
pect to  find  it  in  unconscious  as  in  conscious  processes  — 
in  a  word,  in  nil  suiisurinl  processes  whatever.  Place  a 
bit  of  miirble  ou  your  tongue,  and  it  will  be  touched,  but 
not  taated :  the  sensatious  of  contact  and  temperature  will 
excite  reflexes,  but  little  or  no  retlexes  from  parotid  and 
salivai7  glands.  A  difference  in  sensation  has  a  ooire- 
sponding  difference  in  reflex  action  ;  which  may  be  made 
evident  by  removing  the  tasteli-ss  marble,  and  replacing 
it  by  a  pinch  of  carbonate  of  lime,  i.  e.  the  marble  m  an- 
other stale  reduced  to  a  powder:  tliis  will  excite  n  sen- 
satiou  of  taste,  and  a  secretion  from  the  gknds.  In  both 
coxes  your  sentient  oi^nism  was  affected,  but  it  reacted 
dift'orently  because  the  difference  of  the  stimulation  was 
di^criiniaated ;  consciously  or  unconsciously,  you  /cU  dif- 
ferently. Again:  touch  the  bock  of  yo«r  mouth  with 
your  finger,  or  a  feather,  and  a  convulsive  contmction  of 
the  guUet  responds,  folhrtrcd  by  vomiting,  if  the  excita- 
tion  be  renewed.  Yet  these  same  nor%-c8  and  niusclea 
respond  by  the  totally  opposite  action  of  swallowiog,  if 
instead  of  the  stimulation  coming  from  your  finger,  it 
come  from  the  pressure  of  food  or  drink. 
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Analogous  experimenla  on  antmalB  without  tiieir  bmios 
yield  siuiilitr  ivstilt»*  The  salivary  secretion  and  Uie 
ordinary  reactions  of  Taste  are  provolted  by  sapid  sub- 
stances. Htill  more  mnclu^ivij  are  the  obsen'atioos  made 
on  a  dog  whose  spinal  cord  huK  buvu  divided,  and  who 
thf^rcrore  according  Co  the  reigning  ideaa  is  incapable  of 
feeling  any  impression  mode  on  parts  below  the  section. 
A  pencil  inserted  in  iho  rectum  causes  a  reaction  of  tlie 
muscles  cncr^cticall}*  resisting  the  entrance  of  this  for- 
eign body ;  yet  this  rectum  so  sensitive  in  its  reaction 
on  the  stimulus  of  the  pencil,  responds  by  the  totally 
different  reaction  —  the  relaxation  of  the  muscles  —  on 
the  stimtihi^  of  fiecnl  matters. 

52.  "Tliis  is  all  mechanical,"  you  say?  Mechajiica). 
no  doubts  as  all  actions  are;  liit  the  question  here  is 
whether  among  the  conditions  of  the  mechanical  action 
SenHibilttyhasaplace?  Tlieanswercanonly  hegroiinded 
on  induction.  Tlie  actions  of  the  dog  are  analogous  to 
the  actions  which  you  know  were  sentient  in  yourself. 
Tlierc  was  in  both  n  discrimination,  in  both  a  correspond- 
ing reaction.  I  admit  that  what  is  here  called  "discrim- 
ination "  is  tlic  ap)ilication  of  a  logical  term  to  a  mechan- 
ical process ;  I  admit  that  if  the  spinal  mechanism  ia 
insentient,  tho  fact  of  discriminalion  may  still  be  mani- 
fested ;  but  1  conceive  that  the  many  and  coercive  grounds 
for  admitting  that  the  mechanism  is  sentient  gain  further 
support  in  the  evidence  of  discrimination.  Every  par- 
ticular sensation  has  its  corresponding  reaction;  and  al- 
though this  baa  been  acquired  dnring  ancestral  or  indi- 
vidual experiences,  so  that  in  the  majority  of  cases  there 
is  no  Gonsdonsness  accompanying  the  operation,  this,  as 
we  have  seen,  is  not  a  valid  argument  against  the  ex- 
istence of  a  sensorial  process.  We  have  only  to  lower 
the  Sensibtli^  of  the  cord  by  anesthetics,  or  to  preoccupy 
•  ScsPrab.  II.  1189. 
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Us  encigies  I77  sotns  other  excilAtiou,  ancl  the  resetJOD 
bib. 

VEMOKT. 

OS.  "  But  <liscrimiii3tioii,  if  uot  a  purely  physicnl  pro- 
cess, implies  Memory  i "  No  doubt.  And  what  is  Hem- 
017  —  on  its  physiological  aide  —  but  att  ofganized  ten* 
dency  to  react  oti  Udvs  previoiuly  Imvcned^  As  Griea- 
iuger  truly  says :  "  Tliere  is  Memory  in  all  the  functions 
of  the  central  oigun»,  lududii^  tho  spinal  cord.  Then 
a  one  for  reflex  actions,  no  less  tlian  for  scuso-iui&gea, 
words,  and  idi-as."  Grotiolot  taakea  a  similar  assertioD.* 
Indeed  if,  as  we  Iiave  seen,  reflex  actions  «iw  partly  con- 
nate, and  partly  ocijuired,  it  is  oin'ioua  tliat  tbo  second 
cldss  must  involvo  that  very  n-prodoctioD  of  expcrtuDCCs, 
which  in  the  apliere  of  Intellect  is  called  Mcmor}'. 

Tlit-re  is  aJMiirvdly  souiethiD<;  parudoxical  at  6nt  in 
this  application  of  tlic  terms  of  tlie  Logic  of  Signs,  yot 
the  psycliologiiit  will  iind  it  of  great  seni'ico.  Bui  if  the 
temis  discrimination  and  memory  be  objected  to,  th<^ 
may  be  replaced  by  some  such  phrase  as  the  "  adaptation 
of  the  mechanism  to  varying  iiupnlses."  On  iia  objective 
aide,  DIscriuuDation  is  Nemral  Grouping;  on  ite  subjec* 
tive  sids,  it  is  Association  of  experienoes. 


IKSTIKCT. 

64  If  we  can  detect  evidences  of  Volition  and  Instinct 
io  the  absence  of  Mir  brain,  our  tliesis  mny  be  considered 
less  questionable.  And  such  evidence  there  is.  Goltz 
decapiiAted  a  male  (Vog  (in  the  pairing  season),  and  ob- 
•crvcd  that  it  not  only  80ught>  grasped,  and  oneigeticaJly 

*  "  n  y  M  iaiux  an*  m^inoin  |>iu-  U  tPtvr^a  M  na»  Witm«in  far  I'm* 
(omiito.  ToDi  !ri  on^V9  onl  one  DKinoire  pioprr.  c'cst  k  ibrc  iiiu  lt»- 
danet  A  itrpraduin  In  wcriiv  il'actni  qn'iti  out  ptusinm  kit  vxcvntiK"— 
Qbatiolei.  AnaL  Ju  .fyKMu  Ktntnr,  18S7,  p.  tCL 
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en^MMCl  ft  ftn&Ie.  but  could  always  Jijcrimui&te  a  fe- 
tnalo  fVont  a  male.  Thus  wlieti  a  nialo  frog  closely  re- 
sembling a  reinal«  in  »uu  ftiid  shape  was  presented  to 
tliis  decupituted  nnimul,  ho  cliLsped  it.  but  rapidly  let  it 
go  again,  whereas  even  the  deati  body  of  a  t'uiualu  was 
held  as  in  a  vira.  Gottz  tried  t»  dtlutle  ihia  bminless 
animal  in  various  wnys,  always  in  vain.  Only  a  female 
VQtdd  be  held  in  iiia  embrace.  UolLz  then  prcsentiid  a 
fttnala  in  a  reversed  position,  so  tliat  the  head  was  grasped 
by  the  male.  Now  here,  had  there  been  aimply  a  reflex 
iDBchine.  iueapablo  of  itentient  dlsctimination,  tlio  clutchcxl 
demale  would  have  been  held  in  this  po»itJou,  Just  lik« 
any  other  object  which  excited  the  reflex;  there  would 
have  been  no  "sense  of  iiirnn^ruit)',"  such  as  Goltz  no- 
ticed ill  his  fro^,  who  at  ouire  he;^aii  a  tseries  of  move- 
inenls  by  wtiich  he  was  enabled,  without  letting  the  fe- 
male escape,  lu  bring  her  into  the  propvr  p;>si(iuu.  To 
render  this  observation  still  more  aigttificanl,  I  niny  add 
that  Goltz  did  not  find  all  mala  frogs  act  thus  —  many 
relinqtitslied  the  t'emale  tfms  improperly  presented  to 
them.  Such  phenomena  obserwd  in  frogs  possessing ' 
brains,  would  l>o  accepted  as  evideoce  of  sexual  instinct 
and  volitiun. 

Further :  Ooltz  removed  the  brain  from  a  frog,  which 
he  then  held  under  wat*r,  gently  pressing  the  liody  so  as 
to  ilrivii  the  iiir  out  of  its  lungs;  the  bo>\y  being  then 
heavier  than  tlie  ivater  sank  tn  the  bottom,  where  it  re- 
mained niotiotik--ss.  He  repented  this  procedure  witli  an- 
other frog,  not  brainless  hut  blinded.  This  one  sank  also, 
but  in  a  few  minutes  rose  to  the  surface  to  breathe.  This 
difference  nutumlly  suggests  that  thu  brainless  frog  wts 
insensible  of  the  condition  which  in  the  otJier  caused  a 
movement  of  rt^licf.  The  one  felt  impending  suffocntiou, 
the  other  felt  nothing.  Such  was  the  interpretation  of 
a  German  friend  in  whose  presence  I  repeated  the  expcri- 
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ment.  But  I  had  been  instructed  hy  Ooltz,  and  bade 
my  fiieiid  wait  awliile.  Ue  did  so,  and  saw  tlie  brainleas 
fio^'  t>l«wly  n»«  to  the  surface  and  breathe  there  like  his 
blinded  cominaiiian.  So  tJtat  the  only  difl«Ten«e  observ- 
able wa«  ill  the  lessened  sensibility  of  tlie  brainless  frog. 

55.  Hut  Golta  recwds  a  still  mor«  ooiiclnsive  caae.  lu 
a  large  vessel  of  water  lie  inverted  a  glass  jar  also  con- 
taining water,  wliich  could  then  only  be  retained  in  the 
_jar  by  atinospiieric  pressure-  Through  th«  neck  of  this 
inverted  jar  hu  tlirust  a  blinded  frog,  not  having;  piesse<l 
the  air  out  of  its  lunge.  It  ro«s  at  oncu  in  the  jar,  louch- 
ing  the  inverted  bottom  with  its  nose,  end  when  the 
necessity  of  frosh  air  wiis  fidl',  the  fro;,'  began  restleissly 
feeling  about  the  surface  of  its  prison  till  an  issue  was 
found  til  the  neck  of  tlic  Jar,  through  which  it  dashed 
into  Uio  ves.<ie1,  and  at  once  rose  to  the  surface  of  the 
water  to  breathe.  In  this  ob«onration  are  plainly  mani- 
fested  the  stimulation  of  uneasy  sensation,  Uie  volition 
of  Huckittg  relief,  and  the  discrimiuatiou  of  it  when  found. 
If  this  frog  was  a  sentient  mechanisifa,  what  shall  we  say 
to  the  fact  that  n  brainless  frog  was  obsen'ed  to  go  througii 
precisely  the  same  series  of  actions  ?  GoltJ  pcrtinonlly 
remarks :  "  So  long  as  physiologists  satisfied  thom»elvea 
that  the  brain  was  the  sole  oigan  of  sensation,  it  va* 
easy  to  deohire  all  the  nctions  of  the  bminluss  animal 
to  be  merely  reflex.  But  now  we  must  ask  whether  the 
greater  part  of  these  actions  are  not  due  to  the  povxr  of 
(uiaplMlion  iu  the  central  orgous,  and  are  therefore  to  be 
struck  out  of  the  class  of  simple  retlexi»  ?  If  I  bind  oue 
leg  of  a  brainless  frog  aiul  observe  that  lie  not  only 
tiaa  an  obstacle,  but  crawls  aside  from  it,  1  must  n^ard 
these  movements  as  regulated  by  his  centra)  power  of 
odaptatiou ;  but  now  suppose  I  unbind  the  leg  and  re- 
move the  obstacle,  then  if  I  prick  the  frog  he  hops  for- 
ward.   Must  I  now  declare  this  hop  to  have  been  a 
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simple  reflex  1    Not  ftb  aU.    In  both  eases  Uie  ph^tiio- 
logical  processes  have  been  similar.*' 


56.  There  ar«  no  ilouU  renders  who  will  diainiaa  all 
evi(tenc«  (iniwn  from  experiments  on  frogs,  as  int^levant 
to  iDammals  nud  man.  Lcl  us  thcivfoitt  see  liow  the 
evidence  stands  with  respect  to  animaLi  higher  in  Uie 
scale,  endowed  with  \c-m  quesliunahlc  tiiculal  Taculties. 
In  a  former  chapter  (I'uobleu  II.  §  '2i>)  we  recorded  the 
marked  results  of  removing  tlie  ciTuliml  hemispheres; 
and  at  the  same  time  si^igcstcd  that  these  hy  no  means 
jiutified  the  conclusion  usually  <lrawn  respecting  Ibe 
hemispheres  as  the  vxclusivu  suat  of  sensation.  And  this 
on  two  grounds:  l'"inrt,  because  the  absence  of  some  sen- 
sitive pbenomcna  does  not  prevent  the  presence  of  others: 
the  mutilated  organism  is  still  r.apable  of  manifesting 
Sensibility  in  those  organs  which  remain  intact.  Sec- 
ondly, because  were  the  mutilation  followed  by  total  de- 
struction of  Sensibility,  this  would  not  prove  Sensibility 
in  the  normal  organism  to  have  its  seat  in  tbt;  part  in- 
jured. If  the  removal  of  a  pin  will  destroy  the  chrono- 
metric  action  of  a  watch,  we  do  not  thence  infer  that  the 
chronometric  action  was  the  function  of  this  pin.  And 
this  objection  has  the  greater  force  when  wo  lemeqiber 
that  one  hemisphere  may  be  lemoved  witliout  the  oonae* 
qucnt  Io.^s  of  a  Ktngte  function,  and  both  may  be  removed 
without  the  loss  of  several  functions  usually  ascribed  to 
ccrebml  inllueuoc* 

*  To  obriate  inisunitpnti.ii<!iii!t  Ut  me  uy  that,  nnln*  the  contrary  ii 
Spcciflld,  I  Uw  tbc  Urin  itratii  tbruugliuut  tliii  aif-umriit  nil  o<|uivulciiit  to 
■he  wnbra]  hcnil«]iihrrw,  bwaiiM  It  1*  In  tlirs*  lint  NvnwifU.ii,  ralitioii, 
Will  coDMiaimiHa  rn  localixtd  bjr  the  Rcncnillt}-  ol  nritcn,  muiy  uf 
vlincn,  iiiilHrl.  ng^rA  the  oelli  of  the  gmj  mitlfr  of  the  eanralqlions  w 
the  exdiiilvn  wat  of  tli«M  plivnonma,  diriiling  IhcM  criU  Into  (riiM- 
tional,  emodoni],  ani  intdlectnal.  Tbrrc  am  ptiynJolnipRt*  nho  txtmd 
teonlloit  to  Um  taratnal  gsnglu  and  gny  moBK*  of  the  medulla  aJ>IuM- 


TT.  '  yasiiEr  ~he  uBioEziaa  iSesa  -if  injnd^  fia  or  n- 
3UJT7U.  >:  ::i!:  '-"■■■-'I':^"  jl  -^tiKai^  iiaEtiCHae*  of  Ljei>- 
3:iijtii.'n.  Tfarfit.--  :i.c  .-jiii.-iiisii.'ii  Jits  .Men  'iBuro.  chat  th* 
t  •■■>»■  wilntn  J  -iii;  ^xciua^-Q  jram  a  miacaiar  oo^oniim- 
2on.  :n  Hno:  ii  die  uiuiusQuicuue  ^TTueoca  ciuc  ¥iht 
staav  -nnsi-ilfiT-  ;o— miiniiCDiis  jtill  ai^sac  jfixr  thia  ofsa 
a  rpnuiveti.  W~jje  ji  -iiv  pjjt  jiay^i  !i«-  the  Cecebelloni 
E  io  3ut  ;iaiise  jere  ^  ^TamiTif  *     [  laiy  my  thai  tbe 

3IUV?nUi3[3   Jl'   Jir-mrninT    «Ti-i.-nir    fwailuwiiur   hrwttfiing 

iTTTiK.  -TiiiTiirTriin,  u;Hi«iE.uiL  -ioi^  01*  ':t>4nliiiaXed  as 
■veil  trier  removal  li  tiii:  '.'•iisuulain.  Jtr  ^iwy  were  befote. 
m'i  'iia£  ^loae'ijuiDClj  :-u:/-  .-u-irimiiQua  iiud  BMC  iCi  seat 
in  -Jin  '~ ■'"■''«■' inTTi  pji*  pimlliilism.  is  ■jbtioos.  &e- 
mov^ii  :i  -ji£  '^•;Tn'oma.  :au£«9  ^  iisrjrbiim.'e  ta  cbe  eom- 
btiuici]ii  ')t'  wnsacum.  uui  uie  ■i2»;asiuii  ot'  i:i>rGuii  jenae- 

in  oclirrrs.  Rdmuval  -ii  ciu;  iVrnwlIrim  oaoses  z  disturb- 
ance  in    die   ■•nmhiTiurrnq  .;['  .'iTCiin    mnai-nlar  steftfatlOHS, 

and  the  execncion  ot'  <;t;rcuii  <:o-?rdiniUetl  ai:tioD9.  with 
Uicle  ippRcizblt!  distorbance  in  och^ 

3d.  So  Uttle  have  iib«  tuizCs  b«i:a  sorvenil  and  esti- 
mated in  their  entiretr  Uut  cheie  is  perfaap«  no  subject 
on  which  ptij3ioIo>:isU  are  mote  ^irced  than  on  tbe  fuoc- 
tion  of  the  Cerebellum  being  that  of  co-onlination.  Yet 
conaider  this  deciaiTe  experimeot  I  etherized  thiee 
healthy  frogs ,  &T>m  one  I  removed  tbe  entire  cranial  cen- 
tres ;  from  another  I  remoTed  onlr  tbe  cerebellum ;  and, 

f^U  ;  but  tbe  medalU  ipioalu  ii  aa  clearlf  coatioDoiu  vilh  tbt  nKdnlU 
obloDgUa  that  there  w  ■  faring  ineoiuutcncj  in  eiclodiiig  mmtioii  fran 
the  one  if  it  i«  KeordBi  to  the  other ;  ami  the  gitmada  on  which  aeiui- 
tive  pheDomena  uc  admitted  Id  the  abaence  of  the  hemispheres,  force  oa 
to  ailmit  uialoKiMa  phenomena  in  the  abaence  of  tbe  ganglia  and  medalla 
oblongata:  in  each  caw  the  phenomeaa  we  leas  complex  and  varied  aa 
the  mechaninna  become  len  camples. 

•  r.V,mpB>«  LdUASA  «  LuiOIOHB,  FftMogia  dei  tentri  enacfaiiei,  1871, 
II.  23lr,  210,  330. 
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leaving  th«  third  iu  possession  of  an  intnct  nnmplialon,  I 
made  two  sections  of  th«  post«nor  culumus  uf  tlii^  spinul 
eonl.  The  two  first  hopped,  Bwani,  iised  their  less  in  de- 
fence, and  (ixtiibitcd  ii  vurit;ty  of  muscular  ctvonliiiatioiis, 
although  in  both  the  aupposed  organ  of  co-ordinutiou  woa 
absent.  Wlicrotts  the  tliirJ,  whii;h  had  thi^  organ  intact, 
and  was  capable  of  uiuving  euch  limb  scparalely,  and 
vuch  putr  uf  limbs  separately,  waa  utterly  incapable  of 
moving  all  four  simullanoously.  Why  was  tliis  (  Obvi- 
ously l>ccau0C  ill  Uie  first  two  frogs  the  motor  mechauisu 
rwnained  intactv  and  only  tli«  cerebral  and  ocrebellar  in- 
fluence was  removed ;  in  the  thin)  frog  the  seusory  port 
of  the  motor  moclianisiii  had  bcnin  diviik-d,  aud  no  com- 
bination of  the  limbs  was  posaible. 

59.  Phyxiological  induction  agrees  with  uiatouiicai  in- 
duction iu  assigning  to  the  cerebrum  and  cerebellum  the 
office  of  incUtUion  and  regiUalion  mtber  than  of  innersa- 
tioii;  for.  as  we  have  seen,  no  nerve  issues  directly  from 
them  (Pkoeilgu  II.  §  7).  Consequently  the  elfects  uf  in- 
juries to  tlieee  centres  are  losses  of  spontaneity  and  of 
ooiuplexily  in  the  manifestations.  Inasmuch  n-t  hi  th« 
intact  organism  all  Hcnsory  impressions  aie  propagated 
throughout  the  nervous  centres,  the  reactions  of  theae 
Lighctt  centres  will  enter  into  the  complex  of  every  ad- 
justed movement ;  bo  the  abolition  of  these  centres  will 
be  the  dropping  of  u  link  in  tlte  chain,  the  abolition  of  a 
special  clcmeul  in  the  complex  groupi  The  organs  which 
are  still  intact  will  react,  each  in  lis  own  way,  on  being 
stimulated ;  but  the  reaction  wjU  be  without  the  modi- 
fjiug  influence  of  the  absent  centres.  For  in.<ttanoe,  tho 
retinal  stiiiiulattun  from  n  luminous  iinprussion  normallj 
calls  up  a  cluster  of  associated  feelings  derived  originally 
from  other  senses,  and  a  perception  of  the  object  is  asso- 
ciated with  emotions  of  desire,  tevror,  etc,  according  to 
the  past  biatofy  of  the  ot^uiam,  and  its  organized  reac- 
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tioDB,  dufi  to  hereditary  or  acquired  experiences.  It  ia 
thcsa  which  form  ihe  complex  ft^Iiiig  discharged  iii  tJi« 
jntTlicular  movement  of  pmheiiiiiou,  or  fli^dit  Kutnovc  thu 
hmin,  and  Uivrv  can  be  no  longer  this  cluster  of  associated 
neural  groups  excited ;  there  will  be  the rel'on;  oo  vino- 
tion,  siDiply  the  visual  setiBatioti,  and  such  a  movement 
09  ia  directly  ussocintcd  witli  it.  Tiie  braiule^  dog  tnouia 
wheu  hurt,  it  doea  not  hark  at  the  cat  which  it  neverthe- 
less sees,  and  avoids  as  a  meni  obstacle  in  its  ]>ath ;  the 
eat  will  cry,  it  will  not  mow.  The  present  pain  moves 
the  vocal  organs,  but  does  not  revive  a.<t30(!iat«d  experi- 
ences. AH  those  combinations  by  which  a  seiiea  of 
dependent  actions  result  from  a  single  »iiuiul«lioii  nrv 
frustnitcd  when  the  inechanism  is  disturbed,  so  that  the 
mutilated  animal  can  no  longer  recognize  its  prey  ur  its 
enemy,  to  feed  on  the  one  and  Hy  from  the  otber;  no 
longfT  liiiild.5  its  Iinhitation,  or  rears  itA  oflspnng.  It  can 
still  live,  fefid,  sleep,  move,  and  defend  itself  against  pres- 
ent discomfort ;  it  cannot  find  its  food,  or  protect  itMlT 
against  prospective  discomfort.  We  must  supply  the 
place  of  il9  Intolligtrncc.  "Wc  must  give  it  tl>e  food,  and 
protect  it  from  injuries. 

llierc  ia  tliereforo  ample  evidence  to  tdiow  that  what  i.i 
specially  known  as  IntcHigcncc  is  vor}'  imperfect  after 
the  cerebral  influence  has  been  abolished ;  but  this  does 
not  prov«  the  Cercbnim  to  be  the  cxclugivo  suat  of  Int^- 
ligence,  it  only  proves  it  to  be  an  indispensable  factor  in 
a  complex  of  factors.  Still  less  doc3  it  prove  the  Cere- 
brum to  bo  the  exclusive  seat  of  Sensation,  Instinct,  Voli- 
tion ;  for  these  may  be  manifested  alter  its  removal, 
although  of  course  even  tliese  will  bo  imiHtircd  by  the 
loss  of  one  factor. 

CO.  And  here  an  objection  must  be  anticipated.  Ia 
spit«  of  tlic  familiar  experience  that  one  mode  of  Sensi- 
bility may  be  destroyed  without  involving  the  destruction 
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c>r  other  modes,  there  is  a  general  belief —  derived  from  a 
tiii^uikeii  conccptiuii  or  what  iit  really  ruiiTuauuUnl  by  the 
unity  of  ConBciousncaa — that  Cousciousness  disappears 
altogether  when  it  iH-^ajipeani  at  all ;  ami  hence,  since 
Seusalion  is  hu]>[><*su4  U^  imply  Consciousness,  it  also 
canuot  be  divisible,  but  must  vanish  altogether  if  it  van- 
Lsli  at  all.  Tiie  fintt  answer  is  tlrnl  Setisation  aa  an  ab- 
straction is  neither  divisible  uor  iiidivi»iblu;  hut  as  a 
generalized  expresstion  of  coucreto  seiisoriid  processes  it  is 
reducible  to  these  processes,  and  diviaible  as  they  are. 
No  one  doubts  that  we  may  lose  a  whole  okas  of  special 
sensations — sight,  hcariug,  pain,  temperature,  etc.  —  yet 
retain  all  tb^  otliers.  So  one  douhts  that  tee  iiifiy  lose  a 
wfaolo  class  of  registered  cxporiencvs  —  forget  n  lutigungo, 
or  lose  memory  of  places  so  familiar  as  the  streets  of 
the  small  town  wc  inhabit,  or  <^  faces  so  familiar  as  those 
of  friends  and  relatives,  while  the  namea  of  these  streets 
and  friends  are  still  remeiDhered  when  the  sounds  are 
heard.  Yet  sensation  and  intelligence  are  not  wholly  lost. 
The  mind  is  still  erect  amid  lUcsa  ruins.* 

GI.  This  premised,  let  us  consider  the  expenmcntol 
cvidcnepL  Flourens  declares  that  when  he  removed  the 
whole  of  the  Cerelinim  from  pigeons  and  fowls,  llicy  lost 
all  sensation,  oil  perception,  all  instinct,  and  all  volition. 
Tliey  lived  perfectly  well  for  months  after  the  o|>eratioi], 
if  the  food  were  pjaced  in  their  mouths;  but  they  never 
novglit  their  food,  they  never  loot:  it,  even  when  their 
beaks  were  plunged  into  it;  they  coiUd  swallow,  and  digest 
the  grains ;  but  they  had  no  intttinct  to  make  them  seek, 
no  volition  to  make  them  pick  up  tliu  grains.  They  mw 
nothing,  although  the  iris  remained  irritable ;  they  heard 


*  Stp  ■  very  inWrci^sg  cKte  of  thiii  tpiwiil  lu*a  of  auinorjr  in  ■  prieat 
Khu  ktill  wi'upivil  hinimlf  nwlJt;^  rlamln  aiitliniii  and  prrfanrung  hi*  ot- 
Mtl  (liillm  niany  moniha  after  an  injnrr  to  tlie  hnin.  Li:maka  e  Lk- 
MOlONe,  FUiologbt  dti  tmlri  maifatici,  l.  201. 
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530 


TUE  PHYSICAL  BASIS  OF  WStK 


ooihing ;  they  cook)  not  smell  A  state  of  stapor  came 
on,  rcstiinbliiig  tlmt  of  rieep  iJeep.  All  x'oliuitary  actioa 
ceaseil.  If  Ihcy  were  thrown  iuUt  tlic  eur,  tiicy  flew;  if 
irritaUitl,  Uiey  inovetl  away ;  but  if  left  to  themselves,  they 
mnaitied  inotioDU>ss,  witJi  tlte  bond  under  ttte  wing,  ss  in 
«lbe]i.  Niiw,  inasmuch  tta  theno  effecta  alwaj-s  ensue  when 
tlie  Cerebmm  is  removed,  and  nrerr  wIu-q  only  the  Cere- 
belhiin  ia  removed,  he  oonclndes  that  all  JostioctB.  vdti- 
lions,  and  scDSatioiis  "belong  exclusively  to  the  ociebnl 
lobes." 

But  all  cxperimenten  do  not  agree  in  otlier  p<»nt» 
named  by  Flourens;  nor  in  the  conclusions  ho  has  drawn. 
On  tlic  cORtmiy,  it  is  very  certuiti,  and  we  HimI  evidence 
even  in  Flourens  )iima(>lf,  thul  all  instlncU  and  all  senaa- 
tions  are  not  destroyed  by  tlie  removal  of  the  coi^nl 
lobes. 

63.  Let  us  hear  liouillaud  on  this  subject.*  He  re- 
peftted  the  experiment  of  FIoufcds,  removing  the  wtiole 
cf  tiie  Cerebrum  from  the  firain  of  it  fowl ;  and  lie  thus 
records  liis  observations :  "  Tltts  fowl  passea  the  jEcraater 
part  of  her  time  asleep,  but  ahe  awakes  at  interv-aii,  and 
^xmtantOMtly.  When  she  i^oea  to  akep,  she  turns  lier 
head  ou  one  aide  and  buries  it  in  the  feaUiera  of  the  H-ing ; 
when  she  awakes,  ^he  shakes  herself,  flaps  tier  wings,  and 
opens  her  eyes.  In  this  respect  there  is  no  difference  ob- 
servable between  the  mutilated  and  the  perfect  bird.  She 
does  not  seem  to  be  moved  at  all  l<y  the  noise  made  round 
aliout  her,  but  n  ven,'  slight  irritation  of  the  akin  suffices 
to  awaken  her  instantaneously.  ^Vhe^  the  irriution 
ceaaes,  ahe  relapaes  into  sleep.  When  awake,  she  is  often 
seen  to  east  stupid  glances  here  and  there,  lo  change  her 
place,  and  walk  iptnUaneoudy.  If  put  into  a  cage,  the 
tritt  lo  <$cape;  but  she  oomcs  and  goes  without  any  [nir- 

"  BonuAtu,  JMW«k*  jCgMnmraloAf  Mr  la  J'maunt  Ai  Oinmm 
m  T^i^niJ^  I8S0,  |i,  S,  «^ 
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pose,  or  rational  design.  When  either  foot,  wing,  or  liearl 
ia  pinched,  sliu  withdraws  it;  when  she  ia  laid  hold  of. 
she  arvggla  to  escape,  and  tcnama ;  but  no  sooner  i§  »)ie 
tiberated  than  »he  rests  motionless.  If  severely  irriutcil, 
ahe  screatuii  loudly;  bwl  it  is  not  only  to  vxpniss  i»ain  that 
she  uses  her  voice,  for  it  is  by  »o  means  rare  to  hear  krr 
cackle  and  duck  a  UttU  tpoittantotuli/:  Uiat  is  to  suy,  ulicn 
no  external  initation  tweets  ber.  Her  stnpidity  is  pro- 
found ;  situ  knows  neither  objecta  nor  places,  nor  persuii^, 
and  is  completely  divested  of  memory  in  this  respect: 
not  only  docs  she  not  know  how  to  seek  or  take  food,  she 
does  not  even  know  bow  to  swallow  it  when  placed  in  lier 
boak- — it  must  be  pushed  to  the  tJiroat  Nevertheleas 
her  indocility,  her  movements,  her  agitation,  attest  tliat 
sbe/«/s  the  presence  of  a  stranjje  body,  Inasmuoh  m 
external  objects  excite  in  her  no  idea,  no  desire,  she  pays 
no  attention  to  them  ;  but  sh«  is  not  alisolutcly  deprived 
of  tli«  power  of  attention,  for  if  much  irritatod  her  atten- 
tion is  awakened.  She  knows  not  how  to  escape  an  enemy, 
nor  how  to  defend  herself.  All  ber  actions,  in  a  word,  are 
blind,  without  reflexion,  without  knowledge" 

In  this  recital,  the  evidence  Ixith  of  gewtation  and  in- 
Btinet  is  iuconUtstable,  to  any  tinprujudiced  mind.  Bonil- 
laud,  in  commenting  on  bis  obsen-alions,  remarks,  that 
assuredly  all  sensation  was  not  destroyed,  .tinoe  the  sensi- 
bilities of  touch  and  pain  were  very  manifest.  Kor  is  it 
certain,  tie  says,  that  the  fowl  heani  nothing,  saw  nothing. 
It  ia  true  that  she  stumbled  a^inst  ubjci^  and  knew  not 
how  to  avoid  them.  She  opened  her  eyes  on  awaking, 
looked  about,  and  showed  a  .sensibility  in  the  pnpil  to 
light;  which,  ho  thinks,  is  inL-ompatihIo  with  the  absence 
of  all  sensation  of  sight. 

03.  TIi«  oxperinifntAof  Longet*  seem  decisivo  on  this 
latt«r  point.     Having  removed  the  whole  of  the  Cere- 

*  LoKOKT,  TntiU  lU  I'hyriolotit,  II.  S40. 
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bram  from  s  pigwn,  ho  olwervcd  tli»t  whenever  be 
approBclMid  a  light  bmsquel;  to  its  eyes,  there  was  con- 
traoUcQ  of  the  pupil,  aiid  even  wtnktQg;  liut,  wliat  was 
-Still  more  reniatkable,  "  when  1  gave  a  Totetunr  tnotioQ  to 
tins  candle,  and  at  sucli  a  distance  that  tbete  oonld  be  no 
sensation  of  heat,  the  pigeon  made  a  similar  niovemeut 
witb  iu  liend.  These  observations,  renewed  several  times 
in  tbe  presence  of  pcntous  wbo  were  at  my  lectures,  left 
no  doubt  of  tlie  peniatence  of  sensibility  to  light  aHer 
reRlo^'al  of  tbe  oerebral  lobos."  Wc  have  only  to  tbiok  of 
the  baby  foUowinf;  with  ita  eyea  the  tight  movvd  before 
it,  to  understand  the  kind  uf  impression  produced  by  tbe 
I'audle  uu  ihu  pi-reou.  Longet  also  declares  that  his  ex- 
periments prove  Die  existence  of  sensations  of  Bound,  after 
reiDoval  of  the  whole  cerebrum. 

64.  Vt.  Daltou,  giving  the  results  of  numerous  esperi- 
roents  lie  perfonned,  says  that  removal  of  Uw  Cerebnini 
plunges  the  animal  in  "  a  profound  stupor,  in  wliicb  he  is 
almost  entirely  inatt<^'ntive  to  sutrounding  objects.  .... 
Occasionally  the  bird  opens  its  eyes  with  a  vacant  stare, 
stretches  hi.ii  neck,  perhaps  shakes  his  bill  once  or  twicer, 
or  smoothes  down  t)ie  feathers  upon  his  sbwiUters,  and 
then  relapses  into  his  former  o))athetic  condition.  This 
state  of  immobililr,  however,  is  not  avcompanied  by  the 
loss  of  sight,  of  hejiring.  or  of  ordinary  sensibility.  AU 
fktst  functions  rcniaiH.  as  teeil  as  that  of  Toluntary  motion. 
If  a  pistol  be  dUchniged  behind  the  back  of  the  auiniol. 
he  at  once  oijciis  hia  eyes,  moves  his  head  half  round,  and 
gives  evitlent  signs  of  having  tieard  the  report;  but  he 
immediately  becomes  quiet  ugaio,  and  pays  uo  further 
alteiitioti  to  it  Sight  is  also  retained,  since  the  lunl  will 
Kumctimt-s  fix  its  eye  on  a  particular  object,  and  watch  it 
for  seveml  seconds  toftether."  • 

While,  therefore,  Flourens  concludes  from  his  experi- 

■  DALros,  ffumm  J%fiMafy,  I'iuUM^ux,  1559,  p^  MS. 
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lamts  Chat  ihti  Cerehntra  is  the  Mat  fit  all  flensation  and 
all  volition ;  and  Rouillaud  concludos  that  it  is  most  prob* 
ably  the  seat  or  tutne;  Dr.  Dalton  conclaves  tliat  the 
fnnctiona  of  the  Cerebnim  are  ivstricUKl  to  those  usnally 
classed  as  intellectual  "  The  animal,"  he  says,  "  is  still 
capable,  after  reruoval  of  the  hemispheres,  of  r«oeiv1t^ 
sensations  from  external  objects.  But  these  Hensations 
appear  to  inake  upon  him  no  lasting  impression.  He  is 
incapable  of  connectinj;  with  his  perceptions  any  di.ttinct 
siicceeaion  of  ideas.  He  hears,  for  example,  the  report 
of  a  pistol,  hat  he  is  not  alarmed  by  it;  for  the  sound, 
althottgli  distinctly  perceived,  does  not  suggest  any  idea 
of  danger  or  injury.  The  memory  is  altogether  destroyed, 
and  the  recollection  of  sensations  is  not  retained  from  one 
moment  to  another.  The  limbs  and  muscles  are  still 
under  the  control  of  the  will ;  but  the  will  itself  is  inac- 
tive, because  apparvntly  it  lacks  its  usual  mental  tttim- 
ulus  and  dirention."* 

Dr.  Dalton  reminds  us  how  disturbance  of  the  cerebral 
functions  in  human  beings  recalls  these  obnervations  on 
•nimal!^  "  In  c*t&t  of  impending  apoplexy,  or  of  soften- 
ing of  the  cerebral  Bubstance,  among  the  earliest  and  most 
common  phenomena  is  a  loss  or  impairment  of  the  mem- 
ory. The  patient  forgets  the  names  of  particular  objects, 
or  particular  persons ;  or  he  is  unabUf  to  calculate  num- 
bers with  his  usual  facility.  His  mental  derangement  is 
often  shown  in  the  undue  csliinato  whi<;h  he  forms  of 
passing  events.  He  is  no  longer  able  to  appreciate  tho 
true  relation  between  different  objects  and  dilTereiit  phe- 
nomena. TtiHS  he  will  show  nn  cvaggemtcd  degree  of 
solicitude  about  a  trivial  occurrence,  and  will  pay  no  atten- 
tion to  other  matters  of  importance.  As  the  rlitficulty 
increAses,  be  becomes  careless  of  the  directions  and  advice 
of  his  atteodanta,  and  must  be  watched  and  managed  lilca 

•  Daltos,  p.  W3. 
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a  child  or  an  imbocilc  A(l«r  «  certain  period  be  do  lonf^r 
appret:iates  the  Upee  of  time,  and  oven  loses  the  (listinc- 
tioii  between  day  nnd  night.  Finally,  when  tlie  iojui? 
to  the  hemiapht>res  is  complete,  thu  scusvs  inay  still  re- 
tiiatii  active  and  impi^saihle,  while  the  patient  is  oom- 
pletely  deprived  of  intelli^noo  and  judgment^"* 

G5.  (laving  seen  how  ftir  other  experimenten  are  from 
coufirmiiig  lite  conclusions  of  Flourens,  let  us  ^aoM  at 
his  record  of  obeenations,  and  we  shall  find  there  evi' 
dence  that  all  nensation  and  all  volition  cannot  be  local- 
ized in  (lie  Cerebrum.  -Speaking  of  a  fowl  whose  Cere- 
brum was  removed  the  day  before,  he  says :  "  She  shake!* 
her  lioad  and  fuather»,  sometimes  even  »h«  cleans  nnd 
aharpenn  them  with  her  beak ;  sometimes  she  changes  the 
leg  ou  which  she  sleeps,  for,  like  other  birds,  she  elvepa 
habitUHlly  resting  u])on  one  leg.  In  all  these  cases  sbe 
seems  like  a  man  a»leep,  who,  witliout  quite  waking, 
changes  his  place,  and  reposes  in  another,  from  the /atiffvt 
occsKioued  by  thu  previous  posture :  he  selects  one  more 
comfortable,  stretches  himself,  yawns,  shakes  himself  u 

little,  and  falls  asleep  again On  tlie  third  day  the 

fowl  is  no  Ioniser  so  calm ;  she  comes  and  goes,  but  with- 
out motive  and  without  an  aim ;  and  if  she  encounters  an 
obstacle  on  her  path,  she  knows  not  how  to  avoid  iL"! 
In  his  second  work  he  remarks  of  a  Duck  operated  on  in 
the  some  way :  "  As  I  mentioned  last  yoor  d  propo*  of 
fowls,  the  duck  walk*  about  oftener,  and  for  a  longer  time 
togetlier,  when  it  is  fasting,  than  when  it  is  fed." 

Here  he  obsen'es  the  unmistakable  evidence  of  feelings 
of  nungor.  Fatigue,  and  Discomfort  in  aninmlt  which. 
according  to  him,  have  lost  all  sensation.  He  also  ob- 
serv'es  the  opomtion  of  instinct  (cleaning  the  feathers), 
and  of  spontaneous  activity  (walking  about),  in  auimala 
said  to  have  hist  all  imtiuct  aud  all  volitioD. 


*  Daltox,  p.  M3. 
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66.  Still  ncire  deciwve  are  Uis  ofaawafcioiis  lecorded 
by  other  cxperimciibMs.  Lcj^dcn  removod  tlie  bcmi- 
spli«rea  and  Uie  ganglia  at  their  base  from  a  hea ;  yet  this 
hen  moved  about  and  clucked.  Meisaner  noticed  that 
a  pigeon  wbose  hcmispliL-rvs  had  been  removed  always 
iitt^rt-d  it«  nx>,  and  showed  restlessneas  at  the  uKital  fucd- 
iiig-linio .•  Voit  car«rully  extiq>at«d  the  cwrcbrum  from 
some  pi)^eon9,  and  kept  them  for  many  months  in  health. 
For  Uio  first  few  weeks  they  exhibited  the  well-known 
stupor.  Then  Ihcy  began  to  shake  this  off,  oi>6n  their 
eyes,  walk,  and  fly  aI>out  epotUanumtly.  Tliey  gave  un- 
mistakable signs  of  seeing  and  hearing.  But  the  chief 
deflect  was  in  the  inability  to  feed  themselves,  and  the 
complete  insensibility  to  danger.  They  also  manifested 
signs  of  sexual  feeling  with  livf^ly  cooinga ;  though  ({tiite 
unable  to  gratify  their  desircs-t  Vulpian  having  removed 
the  cerebrum,  optic  thaUmi,  and  corpora  striata  from  n 
young  rabbit,  found  that  on  pinching  ita  tail  it  cried  out 
and  struggled  to  escape ;  and  a  rat  thus  mutilated  not 
only  Btruggled  and  cried  when  pinched,  but  manifested 
strong  CDiotioQ.  "  11  eat  tr^a  craintif,  tri'a  impressionable  ; 
il  bondit  pour  pen  qu'on  Ic  louche ;  le  moindro  bruit  lo 
fait  trea-iaillir.  Un  certain  bruit  d'appel  fait  aveo  les 
l^vres,  ou  un  soufllet  brusque  imitanl  cclui  qu'cmcttenC 
les  chats  en  colore  cxcitent  chez  le  rat  une  vive  ^motioo.^ 

67.  Tliere  are  several  well*authenticat«d  cases  on  rec- 
ord of  children  bom  without  a  vestige  of  brain,  and  oth- 
ers with  only  a  veatige,  who  nevertheless  manifested  tite 
ordiuaty  signs  of  sensation.  I  will  cit«  but  one,  and  It . 
shall  he  one  for  which  an  illustrious  physiologist,  Paniiua, 
is  the  giiaruitee.     A  mole  infant,  one  of  twins,  who  lived 

'  LrVDEK  ia  the  BtfUner  UdtMU  tFedimxkrift,  1867,  Ho.  1. 
Mbimxbb,  JaknAvrvM  tbtr  FhanaJ.,  ISflT,  p.  410. 

t  Varr  in  tho  SItamgtbiriM*  4er  MancKrntr  AcadtmUt  1S4S>  p.  109. 
Cotnp.  iJ«i  Roi.T«  in  PfiUgeri  Anhiv,  lU.  SIV.  439. 

;  VcLPiA!',  Sutttmt  -Vcrpcw,  H2-&. 
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but  ejgliteeo  hotm,  durin*;  tliat  period  (tiftnifraled  sitcli 
■iiuiuettlionablti  sigiui  of  Sensibility  as  the  following :  the 
pnpils  ci(>nlntct4!d  under  light,  sharp  wunda  cau.-<ied  flatier- 
ings,  and  a  bitter  solution  when  placed  in  tlie  moath  was 
instantly  ix^ucted.  This  infant  had  not  a  vestige  of  oere> 
brum,  cerebellum,  or  cjcrobnil  ganglia.  Tlwj  modulla  ob- 
longata was  normal.  There  were  do  olfactory  nerves,  and 
the  optic  Dvrx'es  tcnniuatcd  in  a  little  mass  of  mem- 
brane." 

6S.  The  observations  of  T-osiuina  and  T^einoigne  are 
lx>th  extensive  and  precise,  and  the  conclusion  at  which 
they  arrive  is  tliat  the  removal  of  the  Cerebrum  ia  the 
abolition  of  Intelligcace  and  Imttucl,  but  is  not  lUe  abo- 
lition of  SensatioiL  Wltejeas  Rolando,  and  after  him 
fieiid.  considtT  that  only  tfao  Intelliguucc  is  aboli8he<l,  tbo 
supposed  loss  of  Instinct  being  really  nothing  more  than 
Uiu  loss  of  the  directive  influence  which  makes  tbo  In- 
stinct to  be  executed. 

69.  Here  it  becomes  needful  to  understand 


THE  MECUASISM  OF  JNanSCT. 

Were  we  'lealing  with  on  ordiuury  mechanism,  and  the 
disturbances  produced  in  its  actions  by  tlic  renvo\'al  of  any 
part,  wo  slioultl  attribute  all  obser^'od  effects  to  interftr- 
ence  teilk  the  amdUions  of  depauUtU  stqucnet:  we  shoald 
infer  that  the  actions  wore  imperfectly  perfottned,  or 
wholly  abolished,  because  their  requisite  mechanical  con- 
ditions were  disturbed.  f>!t  ua  be  eijually  precise  in  deal- 
ing with  the  phyeiolcjgtcul  niccluiniam.  If  we  Itavo  de- 
prived it  of  an  organ  in  which  certain  combinations  are 
eflected,  we  most  expect  to  find  all  actions  which  were 
dependent  on  such  combinations  to  be  now  impossible; 

*  For  other  exatupU*  cm  Glsruc,  fiiAtUri*  fntcnM,  18M,  TL 
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but  all  the  actions  which  are  not  directly  dependent  on 
these  oDmbiuations  nuiy  still  be  possible.  The  actions  of 
feeding,  for  example,  are  detcrniincJ  by  ci'rtjiiu  seosaUoiis, 
when  these  are  prest^nt  in  a  particular  sequence,  but  not 
otherwise ;  the  sensation  oi  sight  does  not  suffice,  because 
the  animal  most  not  only  ece  the  food,  he  must  perceive  it 
Tliu  action  of  dt;fuiic«  and  fh^iit  are  also  determined  by 
oertoin  sensations,  but  only  when  these  are  connected  in 
a  c«rt«i&  sequence :  tiie  brainksa  animal  mil  defend  itself, 
or  move  out  of  the  way,  iiudcr  lliu  stimulus  of  uuplcasaut 
sensation  ;  but  will  not  be  moved  by  a,  prospeeiivc  injury, 
because  he  fails  to  ossociato.  it  witli  the  sight  of  the  threat- 
»iiiiig  object.  In  the  same  way  a  blind  man  shrinks  at 
tiia  actual  contact  of  the  healed  jKjker,  but  does  not  shrink 
at  tbe  approach  of  that  poker  which  ho  does  not  sue.  We 
do  not  deny  him  ttie  posacision  of  the  so-called  instinct 
of  Self-preservation  on  this  ground ;  why  deny  it  to  the 
brainless  uuixual  i  The  brainless  lisli  or  frog  swims  wheu 
placed  iu  tlio  water,  because  tlie  sensation  from  the  mov- 
ing water  *  seta  going  the  swiminiuj;  mechanism.  To  call 
this  a  "awimmiuR  instinct"  may  seem  extravagant;  yet 
it  is  as  fully  entitled  to  the  name  aa  Self-defence  is,  or  the 
Alimi-ntaiy  Instinct.  In  all  three  cases  there  is  a  con- 
nate mechanism  set  going  by  appropriate  feelings. 

70.  Since  alt  admit  that  there  is  an  Alimentary  In- 
Htinct,  let  U9  see  what  kind  of  mechanism  it  impliua 
There  must  be  a  slate  of  feeling  called  Hunger,  which  — 
combined  with  other  feelings — determines  certain  mus- 
cular adjustments  in  the  search,  recognition,  capture,  and 
finally  the  swallowing  of  the  food: — ^a  very  complex 
series  of  actions,  which  lead  to  and  sustain  one  another 
until  the  desire  is  gratified.     On  the  mental  side  there 

"  If  thr  wnter  u  perfectly  still  Iho  fish  Jiinlui  to  tie  bottom  Mid  re- 
main* RialloritPw  uiitSI  Ui«  «-st(-r  Xn-  etirml.  M«r«  <mlMt  iovt  noC  »uf- 
ficc :  tlierc  mult  be  intcmiUItnt  puliei  tlom  Out  moring  water. 


638 


THE  FinaiCAL  BASIS  OP  IIIKD. 


are  three  con6titu«iiU.  »1l  iiidiapcosAblc :  tho  hunger  must 
be  feU,  the  food  must  be  discriminated,  the  desire  must 
be  gratified ;  on  the  ptiy$iical  cidc  theru  atv  also  the 
indispensable  arrnngemeuta  or  the  motor  mechiLnisni. 
Now  it  is  obvious  that  the  tniirt  niechanifiin  of  this  in- 
stinct cannot  be  lociiliwd  iu  the  brain,  oven  if  ita  meutal 
elements  are  localized  there ;  and  there  is  rciison  lo  be- 
lieve that  cvi>n  tho  inuiital  elements  —  the  feelings  of 
hunger,  discrimination,  and  gratification  —  are  not  cxclu- 
sivcly  lucolixcd  there  The  brainless  animal  manifests  if 
not  the  feeling  of  Hunger,  at  any  rate  that  feeling  of  dis* 
comfort  which  is  the  basis  of  Hung«r.  The  rcstlossneaa 
is  that  of  a  hunfjry  animal.  Now  we  know  that  some  of 
tlie  Systemic  fjensibility  is  preserved,  for  wc  6ce  the  ani- 
mal bn'athin;j.  swallowing,  urinating,  sleeping,  preening 
its  feathers,  changing  its  attitude,  resting  on  one  leg  after 
the  fatigue  of  the  other,  etc.  Wc  may  thca-fore  infer  that 
other  systemic  sensations,  such  as  Hunger  and  Thirst, 
arise  uiidtT  the  usual  conditions. 

71.  \\'c  have  noted  an  indication  of  Hunger;  hut  on 
further  observation  wc  discover  Uiat  although  tho  food  is 
eat«n,  if  brought  within  reacli  of  that  portion  of  the  feed- 
ing itiecbauisui  which  is  still  intact,  yet  tlio  sv^coud  step 
—  the  feeling  of  recognition  —  is  wanting.  The  animal 
fails  to  perceive  the  food  brought  under  lils  eyes,  or  even 
placed  in  his  mouth ;  unless  the  hack  part  of  the  mouUi 
be  touched,  no  swallowing  takes  pUce.  Hcnoe  the  animal 
can  no  longer  feed  liiuiself,  and  is  theroforo  said  to  have 
loat  his  instinct  But  although  the  mechanism  of  the 
iii.t1i[iot  lias  been  distiirbal,  its  action  is  not  wholly  abol- 
ished. The  brain  is  necessaij-  for  that  combination  of 
adjustments  which  normally  accompany  the  perception 
of  food  tlirough  sight  and  scent;  and  its  alscoce  of  course 
frustrates  such  combination ;  but  wc  shall  presently  sec 
that  iiHhotigh  curtain  sensible  marks  by  which  a  percep- 
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tion  is  gnided  ore  absent^  others  may  still  be  presont,  und 
suffice. 

72.  Bcforu  udiliiciug  cxntuplvx  let  nic  say  tliat  we  can- 
not legitimately  attribute  the  abeyance  of  an  instinct 
solely  to  tliu  nbsencu  of  Ihu  braiii,  1°,  l>ecau.«!  wo  ob- 
serve a  similar  abeyance  of  tlie  instinct  and  frustration 
of  jxirccptioD,  ovt'ii  wbeu  the  brain  is  present,  and  the 
animal  is  in  its  normal  state.  2".  On  the  other  bund, 
some  instincts  are  uiimi:^lakab1y  manifested,  and  some 
perceptions  excited,  after  the  brain  lias  been  rcmoVKd. 
lu  fact,  all  that  in  needful  is  tliat  some  of  the  mental 
eleint'iita  of  such  perception  and  such  iostinct  be  pre- 
served; and  this  is  the  case  so  long  as  the  leading 
clement  i«  present. 

Ti.  On  the  first  point  consider  this  uoeqairocal  ex- 
ample A  healthy,  hungry  frog  m«y  be  placed  in  a  Tea- 
sel in  which  lie  &  quantity  of  dead  Qisa.  He  sees  these 
tlivs,  but  si<^ht  is  not  enough ;  to  him  they  are  only  so 
many  black  spoti,  in  which  lie  does  not  recognize  his 
food,  because  the  Hies  do  not  move,  and  the  leading 
fUmaU  in  hia  perception  of  food  is  not  a  onhyrut  form, 
but  a  movinif  form.  Hence  this  frog,  in  spite  of  brain  and 
an  intact  organism,  will  starx-e  amidst  appropriate  food. 
Whereas  the  fnig  that  will  not  snap  at  n)otionle$is  flies 
Mnaps  at  any  oUitr  small  moving  object,  though  it  be  not 
his  food,  (ioltz  observed  one  incessantly  snapping  at  tlie 
moviug  tentacles  of  a  slug  which  was  in  the  vessel  —  as 
if  that  were  possible  food '.  Not  only  the  stupid  frog,  but 
the  more  iut^llif^enl  camivora  will  starve  in  the  presence 
of  appropriate  food  which  is  unrecognized,  because  tlie 
leading  element  in  the  recognition  is  absent.  The  cat 
will  not  eat  a  dead  mouse,  niiless  she  has  killed  it  lierscif 
l*redatory  animaU  nmst  capture  their  food  —  unless  the 
.scent  of  blood  excites  their  alimentaiy  instUict.  So  inti- 
mately is  this  sensation  of  a  )iioving  object  connected 
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with  the  predahny  impulBe,  that  the  cat  which  is  noex- 
cited  by  the  deud  moiLM  cannot  resUt  springing  tm  a 
moviii<;  boU.  Wc  Deed  not  wp[xji)e  tli«  cm  to  misuke 
tbia  ball  for  food ;  but  we  must  suppoiK;  Uuit.  accustomed 
to  pouuoe  upou  moving  food,  it  is  unable  to  resist  the 
impulse  of  this  ksding  seasutiou. 

74.  Tiie  prttenu  of  the  brain  not  suffidng,  in  the  ab- 
sence of  thiu  tcsdiug  seusotioo,  we  eball  now  m»  that  the 
ahtetiM  of  tho  brain  will  not  prevent  the  execution  of  the 
instinctivo  ucliou,  if  Uie  Icadii^  sensation  be  present 
The  brainless  bird  sees  a  heap  of  groin,  or  s  pan  of 
wfltvr,  but  no  more  recognizes  tbem  by  sight  alone  than 
the  frog  recognizes  tlie  dead  tUca;  yet  if  Ute  bird's  feet  be 
placed  in  the  water,  this  sensation  will  suffice  to  make 
him  drink ;  if  placed  amid  the  groin,  this  sensation  will 
(soDietimea)  suHioe  to  laiike  biu  feed.  Lussana  aitd  Le* 
moigue  state  that  their  brainless  pigeons  ate  and  drank 
witli  avidity  wlicn  tJieir  feet  were  placed  in  gmia  and 
water,*  M.  Kriahaber  removed  the  liemisphefes  fVom  a 
pigeon,  utd  observed  that  when  his  beak  was  thrust  into 
a  heap  of  hempAccd  the  head  was  quickly  wiltidmwi]. 
wherea.4  when  tlio  l>eak  was  plunged  into  water  the  bird 
drank  eagerly.  Every  day  l>e  was  forced  to  feed  tlie  bird 
by  pouring  the  seed  into  its  tbtxiat.  but  every  day  it 
drank  when  the  l)eaV  Ma.s  tiinist  into  the  pan  of  wat«r.+ 
Briickc  noticed  thai  liis  brainlt'^  hen,  which  made  bo 
attempt  to  jwck  at  tlio  grain  under  her  very  eyes,  began 
pecking  if  ibo  grain  wcro  thrown  on  the  grounil  with 
force,  so  as  to  produce  a  rattling  sound.  The  sensation 
of  hearing  was  here  more  perTcct  ttiaii  that  of  vision,  and 
sufficed  to  awaken  the  state  of  feeling  neocsseiy  to  initiate 
the  pecking  movement^ 

•  LtwAKA  e  LKMoioxe,  Op.  Hi.,  I.  IS. 
t  AnAirtt  dt  nytielagif,  I6M>,  pi  639. 
t  BftL'CKX,  FhjptalogSt,  It  [|.  ta.     WhUt  UitsB  ilMeb  Me  laHJBg 
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7S-  Sotnevhat  analogous  pheDomena  are  observed  in 
Aphasia.  Tliv  patieuC  can  see  priDted  or  nritten  leltcrs, 
and  even  copjr  them ;  but  he  canool  road,  I  e.  interpret, 
tiioM  ^mboU;  as  the  birds  aee  tiie  grain,  but  cannot  con- 
nect ibis  sensation  wilb  utburs.  Tlictu  letters  and  words, 
vhicli  tbe  jntient  cannot  iutei^ret  when  wen,  be  can  in- 
terpret wlion  heard;  bo  can  not  only  understand  Uiem 
when  spokeu,  but  write  them  if  they  are  dictated  to  bim. 
Thu  birds  ruco^ize  tlie  g»iii  and  w«ter  (or  net  as  if  tbey 
did)  when  other  sensutiuns  than  those  of  si^ht  are  ex- 
cited, ^ouiid  is  the  leading  element  iu  Language,  both 
spoken  and  wrilteu.  Wu  bear  the  words  eren  when  wo 
•ee  tliem,  but  we  do  not  see  them  when  we  hear  them. 
The  visible  synibol*  arc  accessor}-  and  subordinate.  But 
to  tJio  bom  deaf  the  visible  sj'nibols  dominate.  How  one 
s«U8Htiou  will  determine  a  particular  group  of  movements 
which  cannot  be  effected  by  any  other  stimulus  is  nbun- 
diuitly  illusM-ated  in  disease  no  less  than  in  experiment 
Here  is  a  very  luminous  example:  Gratiolvt  bod  a  juticiiC 
for  six  monUis  under  bis  eye  incapable  of  articulating  a 
single  word,  owing  to  the  incoherence  of  her  incessant  ut- 

tbrcFOgh  the  pfFB,  GoLTi  bM  pub1iih«il  U«  M«ond  trrira  of  «oi|irriTiKnla 
on  th«  brain.  Ttio  fulla«{n|c  dftall  U  n  gnai  illii*trailAi)  nf  what  {*  asid 
fn  Ilin  taxi:  A  ilofC  drjirlVHl  or  a  pcrtion  of  l»tfa,  hemii^ihcrcn  dbplByEd 
a  ranked  impctfution  in  tliv  riccutjon  vf  c^iliniii;  initincU.  .Vllhoniih 
dgbt  WW  iin]iiLiivd  lir  coiiIJ  ler.  Dinl  rrcu^Eril^i'  urn  uuil  rertnm  oLijecU; 
thasi^toT  ■  whiji  iiiailo  him  cuuvr,  but  iIir  nt^ht  of  nual  did  notiuf- 
fioo  to  Hi  the  tErdinjc  mRchaniinn  in  action.  Whtn  mnit  wan  ■aspnidtil 
■bova  hii  hnd,  Ihr  icvnt  tnuwd  liim  to  initT  about  in  warcb,  but  he 
f«il«(l  I«  liiiil  it,  ami  o^n  trhcn  b«  vu  »  pisctnl  tJifil  ba  Ruulil  **«  tli« 
nupcndni  mrat,  ibc  unutuat  Imprrinton  (ai\n\  to  jnitde  lijm.  If  tbn 
mmt  twti!  bold  towTircl»  liim,  or  placed  before  him  in  a  diih,  ho  toflt  it 
>t  once  —  Ihif  bving  Ihv  cukloinujr  ttimulution.  So  aln,  if  Lh«  hand 
men  lirbl  u|>.  In  lb*  umul  way  mti'ii  dogs  are  imulx  lu  Inp  lor  food,  this 
dog  (prang  irigpToiuly  up  and  cniight  ihofood;  but  ho  would  iprinf;  up 
in  lb«  nnip  w»jr  when  the  hand  »a»  held  empty,  >nd  continue  frnitlcjisly 
apringing,  whi^mia  an  uninjnml  ilo^  ciuinn  lo  ■pring  wb«n  h«  tec*  tb« 
bond  M  empty.  —  ffiSger't  Ar<kir,  Bd.  XIV.  p.  410. 
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terance  —  ahe  babbled  sounds,  but  could  not  group  Uie 
syllables  uilo  a  recognizable  word.  Yet  she  could  sing 
Uic  woi'ds  of  any  souj;  sbc  knew,  th«  musical  sensations 
boipg  suilicient  to  guide  her  vocal  organs.  "Ainsi  la 
mdmotre,  inGd^lc  dans  le  cas  o<i^  lea  mots  thaieat  des 
id^,  devenait  claire  et  precise  quand  l«s  mota  ^tai«nt 
lies  diangoiis."  * 

76.  These  illustrations  plainly  l«U  how  tiwj  bminlusB 
untiiiid  may  ritarve  amid  bis  food,  failing  to  perceive  it 
because  t1i«  leading  s<!U8utiuii  is  not  excit«d ;  and  bow  llie 
same  animal  may  manifest  his  feeding  instinct  if  the 
mecbaiiism  bo  set  goiu^  by  u  lunditig  ttensation.  We  nr« 
told,  indeed,  that  in  the  abiience  of  the  brain  the  actions 
OKI  mucbunical  reflexes  from  impressions,  and  not  com- 
parable with  tlie  complex  processes  determinetl  by  per- 
eeplioii.  i  think,  however,  that  the  only  difference  is  in 
dvgiec  of  complexity :  a  combination  of  touch,  tempera- 
ture, and  muscular  movement  will  be  simpler  iluui  oue 
which  also  combines  sight,  smell,  and  the  revived  images 
of  associated  sensations^  Tlie  sight  of  a  sheep  aifectA  tbe 
instinctive  mechanism  of  a  wolf  onli/  when  combined 
with  the  leading  element  of  smell.  Place  a  stuffed  sheep 
in  a  Geld,  and  no  wolf  wilt  approach  and  spring  ou  it, 
whereas  the  blind  wolf  will  find  and  capture  Uie  real 
sbc«p ;  and  I  believe  Uint  were  it  practicable  to  remove 
the  brain  without  injury  to  the  organ  of  scent  and  the 
powers  of  locomotion,  the  wolf  would  track  and  captnre 
the  living  fihccp. 

77.  The  outcome  of  this  discuHsion  is  that  the  mechan- 
ism of  each  instinct  is  the  adjiLstiuciit  of  the  organs  which 
effect  tlie  instinctive  action ;  and  this  adjustment  is  not 
simply  a  c«rebral  process,  but  a  complex  of  many  sensorial 
procosses ;  consequently  th«  instinct  cannot  be  exclusively 
localized  in  the  brain,  although  the  cerebral  process  may 

*  GnATiOLKT,  jlnaL  Comparit  Ai  SfiUiiu  Xtrmus,  1807,  p>  UB. 
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be  ft  Tery  important  element  in  the  adjustmenl.  This  is 
Inic  even  ou  Uie  8uppo«itioD  that  iu  speaking  or  Instinct 
we  refer  only  to  the  state  of  feeling  which  originfttea  the 
ftctioii  —  iteporating  the  psychological  from  the  physiologi- 
cal aspect  of  thu  phi'tiumonon.  For  thu  brain  mVnus  the 
organism  is  obviously  incapable  of  feelings;  whereas  the 
or^nism  mintu  ttu!  hraiii  is  obviotisly  vapiiUo  of  sensi- 
bilities adequate  to  detennine  the  acliuiis.  Thus  the  feel- 
ing of  hunger  which  proinpi^  the  alinii^ntary  actions  does 
not  arise  if  titc  animal  is  satiated,  nor  does  the  sexual 
feeling  which  pronipls  generative  actions  arise  when  the 
unimaL  is  coatratt-d ;  but  raicb  arises  wlicn  the  organism  is 
iu  a  particular  state.  In  vain  will  food  be  placed  before 
the  satiated  animal,  or  a  female  before  the  castrated  male; 
food  and  female  are  seen  and  recognized,  but  no  desires 
are  excited,  in  spite  of  the  brain  and  its  supposed  in* 
stinctfl.  On  the  contrary,  when  the  brain  is  removed,  the 
necil  of  the  organism  fur  food  is  felt,  and  this  oetKl  deter- 
mines restless  movements,  wliich  are  directed  by  certain 
other  sensations,  and  tlie  instinctive  action  of  ft^ding  is 
finally  effected ;  although,  of  course,  the  removal  of  the 
brain  has  so  disturbed  the  normal  mechanism  of  the  in- 
stinct that  the  action  is  iinitcrfuut.  Reuzi  says  that  an 
animal  deprived  of  its  brain  has  lost  the  intelligence 
which  enables  it  to  set^k  ami  seine  its  food,  but  not  tJie 
instinct,  since  it  still  has  the  desire  for  food.  The  fol- 
lowing experiment  may  illustrate  this.  lienxi  wnnnded 
snpcrficiftlly  one  optic  thalumus  of  a  frog  withnut  in- 
juring the  external  margin,  or  optic  tract.  The  frog 
showed  no  apprecinble  loss  of  sight,  but  hopjicd  timidly 
away  whenever  approached.  Then  both  thalami  were 
divided  tranavei-aely,  the  optic  tract  still  Ijcing  spared. 
This  frog  remained  motionless  under  every  threat.  It 
manift'sted  no  alarm,  and  even  when  directly  irritated, 
only  crawled  or  bopped  away  like  a  braitiless  frog.    Sight 
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•till  Ao  far  lemained  that  olistaclea  were  svoidcd."  Now 
f;tmco  Uiiti  auiutal's  bniu  was  intact,  and  its  utj^a  (^ 
movement  were  capable  of  responding  to  stimulation, 
how  are  we  to  explain  th«  lass  of  its  imtinct  of  avU- 
preservHtioQ  t  The  fni"  penx-tved  no  dan^r  in  a  threat- 
etittig  approach,  yet  perceived  an  obstacle  and  avoidol  it, 
gcttiug  uudcr  it  if  then;  wore  room  enough,  crawling  be- 
f  tide  it  if  that  was  tbe  easier  escape.  Wliy  did  onu  vision 
piuuipt  the  uiovenietiU  of  c«ca]>c.  and  another  fail  ?  Was 
it  not  that  in  tbe  one  case  the  normal  i^mtliway  wa»  »till 
open,  in  the  other  closed  ?  We  know  that  one  injury 
will  destroy  the  perception  of  color  without  d«<!troying 
lliat  of  light  aad  aliodow ;  so  one  injury  may  destroy  ihi; 
eomUnatiou  of  neutal  processes  necessary  for  tlie  percep- 
tion of  a  danger,  without  destroying  thow  necessary  for 
the  perception  of  a  himiniHef.  If  all  actions  depend 
on  their  mechanical  conditions,  they  must  be  disturbed 
according  to  Ihe  distHrbanco  of  the  conditions.  Nothna- 
gel  found  that  after  removing  the  nufleuit  knli/ortnit  on 
both  sides  of  a  nbbit,  leaving  all  the  rest  of  the  enceplia- 
lon  intact,  the  rabbit  hopped  when  its  tail  was  pinched  ; 
yet  although  starting  at  the  sound  wlien  bands  were 
loudly  clapped,  did  not  hop  as  a  uomuil  rabbit  does ;  nor 
although  closing  his  eyes  when  a  light  was  brought  near 
tlicin,  did  he  over  move  aside.  No  feeling  of  danger  waa 
excited  by  sound  or  sight  In  striking  contrast  are  tlie 
phenomena  manifested  by  a  mbhit  whose  corpora  striata 
have  been  removed :  it  is  with  difficulty  made  to  hop  by 
pinching  it^  skin,  whereas  noises  and  sights  cause  it  U> 
make  tenified  bDund8.-t- 

*  LVMANAe  Lemoione,  C>p.  nl.,  t.  S83. 

t  riraAou'j) ^rrAir,  M.  I.X.  pp.  1S0-8S.     Tct  tbtm  u«  rnanr  pl^- 

ologUU  wlio  pfniit  in  placini;  tbo  DWtcrtKm  cimbhmuu  id  Uib  (WFjMrB 

[  Uriata  I    And  Uiiry  plitr«  tlio  temvrinm  onnniuiw  la  Uie  optic  Uulani, 

klthnu);h.  Tii>l  t«  nxiitlon  th(>  iiinlilK'ioUB*^')"')™^^  Pkthaloftf,  ttiers* 

pcrimeati  of  Nothxabbl  Mid  VrvsiitnE  iboc  that  doitraction  of  tfa* 
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78.  "So  sooner  do  wr  analyze  th«  ooiiditinna  of  an  in- 
stinct than  wo  see  the  eiror  of  itgtinliDg  Justiuots  tn  local- 
ized in  the  bmin.  Ttte  cerebral  process  ia  only  one  factor 
ill  the  product —  nn  ipiportapt  factor,  no  doubt,  aince  the 
oerebrum  ia  the  supreme  centre  of  iucitation  and  rego- 
httion  ;  but  its  nbnence  does  not  wholly  carry  away  tlie 
activity  of  tlio  DR-cliauism,  sentient  and  motor,  oii  n-hioh 
tho  in.>rtincLH  depend,  it  only  carries  away  one  soorce  of 
stiiuulutioD  and  ivgiilation. 

I'J.  An  instinct  depends  on  a  connate  mechaitism.  Let 
138  gkiifu  for  a  moment  at  a  parallel  case  of  an  ordinary 
reflex  action,  also  dependent  on  a  connate  mechanism,  say 
that  of  snecain^.  \Vhvti  the  inner  surface  of  the  nose  ia 
stimulated  by  snuff,  or  other  irritant,  the  nasal  britnoh  of 
the  trigeminus  ia  excite<],  and  the  effects  are  fiiat  a  deep 
inspiration,  thi>n  a  closure  of  tho  respiratory  oriRocs  by 
tlie  tongue,  which  in  turn  exciteii  a  spaamodic  expiration. 
But  the  same  effects  are  producible  from  qnite  diflerent 
stiuiulation.^  —  namely,  that  of  tliu  ciliary  nerves  on  sud- 
den exposure  to  a  glare  of  sunshine  —  or  of  tho  skin 
nerves  on  a  sudden  draught  of  cold  air.  Brtlcke  ro- 
morkt  that  there  is  pvrliaps  no  spot  on  the  surface  of 
tite  body  from  which  this  reflex  may  not  be  excited  in 
voiy  sensitive  people.  He  knew  a  gentleman  who  always 
sneezed  when  in  winter  he  laid  hold  of  a  cold  door-boll ; 
.and  the  fit  of  sneezing  was  only  arrestetl  by  giving  him  a 
crust  of  bread  or  somethin;;  hard  to  gnaw.  Now  just  as 
the  connate  mechanism  of  sneezing  may  be  set  in  action 
by  a  variety  of  stimulations,  so  may  tho  connate  mechan- 
ism of  an  instinct 

Uubmi  doM  not  dtnOoj  «*iuatlan.  Sc«  VitT»tti:r,  Ht^-hrrAa  mr 
rUmtanaUUne  Je  eaiiti  UrttniU.  1871.  pp.  83.  S(.  I  may  obiFivc,  in 
pUffo^  lIiMt  Ih«  notiuti  iiX  (ho  corpora  itriala  twing  tho  t»w«Knj]r  chuiaol 
for  iroKtiaiial  impulio,  and  the  opiie  liataaii  Tor  mflnx  iclionn,  U  utlorly 
diiproTtil  by  tlw  cxperimeDtBl  evidonoe  Mcordod  ia  the  text,  u  wdl  m 
Inios. 

II 
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ACQCIBtnOS. 

80.  Xot  oolymay  DiscriminBtion  and  Instinct  be  mani- 
fested in  Uiu  absence  of  t)i<j  brain,  biit  even  tbe  aoqnut- 
tioD  of  new  tnodes  of  naclion,  sticli  as  aro  classed  under 
Learning  through  Kxperience.  The  objection  i^  some- 
times urged  that  aiiimal»  vriihout  their  brains  only  nuini- 
feflC  Ringle  reactioiu  on  etiraalation — the  pinched  foot 
h  wiUidmvrn,  uud  tlicn  remains  motionlcs$  until  a^uit 
pinched.  But  although  the  Etimulation  does  not  excite 
a  consecutive  scries  of  movements,  because  tJtera  is  no 
cerebnini  to  react  in  successive  stimulation,  Uiis  does  not 
prove  the  absence  of  sensation  in  tlie  one  movement 
which  is  excited.  If  tiiy  liimd  be  lying  on  the  taUe,  and 
something  irritates  it,  my  liaiid  is  withdmwn,  and  then 
remains  as  motionleits  as  tlie  limb  of  the  brainless  animal, 
witii  some  fiBsh  stimulation,  external  or  internal,  moves 
it.  Altliough  removal  of  the  brain  causes  a  manifest  re- 
duction in  the  variety  and  succe^.iion  of  the  movements, 
all  i-xpL-rimenlvrs  nro  agreed  that  animuls  acquire  a  cer- 
tain dexterity  in  executing  actions  vhich  they  had  pre- 
viously failed  to  carry  out  after  removal  of  their  brains. 
"There  is,"  says  Freusberg.  "a  decided  improvement  ac- 
quired in  the  resctions  of  the  motor  centres  after  division 
of  tlitt  spinal  cord,  not  indeed  in  vigor,  but  in  delicacy. 
Removed  from  the  regulating  influence  of  the  brain,  the 
legs  acquired  through  prudice  a  power  of  sclf-rv^ulation." 
Nor  is  this  wonderful:  pathways  are  made  ea^y  by  repeti- 
tion of  impulses,  and  new  adaptations  form  new  adjnst- 
lueuts.  It  is  thus  all  learning  is  effected  —  intelligent, 
and  automatic  Nor  is  there  any  force  in  tjte  objection 
that  the  power  thus  acquired  speedily  disappears,  so  that 
if  the  stimulations  nrv  ctTcctcd  at  long  intervals  the  reae- 
tions  do  not  manifest  their  acquired  dexterity.  The  spinal 
centres  forget,  as  tlic  cerebral  centres  forget;  but  they  also 
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remember,  i.  e,  they  leani.  Because  an  animal  shows  to- 
day none  of  the  aptitudo  it  itcquircd  tlinju  days  ugo,  we 
are  not  to  deny  that  it  had  ODce  acquired  the  aptittide 
it  lias  iiow  lost.  Attctii])t  to  teacb  a  cliild  to  read  by 
giving  it  spelling  lessons  of  two  or  three  minutes  at  inter- 
val of  two  or  three  months,  an<l  liltl«  will  tlie  acqut- 
sitiou  be ! 


81.  Hitherto  we  have  been  considering  phenomena 
manifested  in  the  absence  of  the  cerebral  In^niii^phercs, 
bc'Ciiusu  it  is  in  thesu  that  the  mnjority  of  uTiters  place 
the  sensorium.  There  are,  indeed,  many  authoritativo 
writers  who  regnrd  the  ganglionic  masses  at  the  base  of 
the  cerebrum,  and  even  those  of  the  medulla  oblongata,  as 
participating  in  this  sensorial  proi>crty,  which  they  refuse 
to  the  lower  ^'an^lia  in  the  spinal  curd.  I  cannot  follow 
their  logic.  The  ccrL-brum  is  by  its  position  as  a  centre 
of  centri'S.  and  it.s  detachment  from  all  direct  innervation 
of  organs,  so  (liferent  from  the  rest  of  the  neural  axis, 
that  we  can  tindor^tand  how  it  should  be  assigned  a 
special  fonction;  although  being  of  tlie  same  tissue  as 
the  other  ganglionic  masses,  it  most  have  the  same  prop- 
erty. AtA  what  that  special  function  U  I  sliall  lierenftcr 
endeavor  to  set  forth.  But  tliat  the  upper  rugion  of  the 
spinal  axis  should  differ  so  profoundly  from  the  lower 
region  aa  to  be  the  seat  of  psj-chical  processes,  while  the 
lower  region  is  simply  tin;  seat  of  mechanical  processes, 
is  what  I  cannot  understand,  so  long  as  the  anatomical 
structure  and  physiological  proiterties  of  the  two  regions 
are  seen  to  be  identical.  The  various  centres  inner^'ate 
various  organs,  and  have  consequently  varJotis  functions. 
As  each  centre  is  removed,  we  observe  a  corresponding 
loss  of  function  —  the  organism  is  truncated,  hnt  con- 
tinues to  manifest  such  fuuctions  as  have  still  their 
mechanisms  intact.    Let  us  suppose  tlie  brain  or  upper 
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ng}om  of  tl»e  coM  (ktacbod  from  the  lower  regions  by  a 
section  of  Uic  cord ;  the  nnimal  will  still  live,  and  per- 
form nJiDost  all  itfi  functioDs  in  Uko  normal  way,  b»l  Uiere 
will  be  little  or  no  connenaus  between  the  lower  and  the 
upper  regiona.  Orantiiig  Sensibility  to  botli,  wc  inii»t 
still  see  that  the  sensation  excited  in  one  will  not  bu  felt 
in  the  other.  And  this  is  the  ground  on  which  phyaiolo- 
gists  deny  that  tlie  lower  regions  luivc  SL-iisihlliiy.  With- 
out pnusiiij;  here  to  examine  this  point,  which  will  occupy 
UR  in  the  next  chapter,  I  ussumu  that  the  positive  evi* 
di'ncu  of  Sunsihility  suffices  Co  discredit  lliat  atfrument ; 
and  in  furtherance  of  that  assumption  will  ciie  an  ex- 
ample of  sensation  and  %'olilion  manifested  by  the  lower 
portion  of  tb«  cord  whcu  separated  froio  the  brain  and 
upper  ]M)rt4on. 

S2.  The  function  of  Urination  is  one  which  uoUiri* 
ously  belongs  to  the  voluntary  class,  in  so  far  as  it  is 
initialed  or  arrested  by  a  voUmlary  iinpulae.  and  it  is  one 
which,  according  to  the  chissic  teaching,  has  its  centre  in 
tlie  brain.  The  grounds  on  which  this  ci<re}>rsl  centre  is 
assigned  are  very  similar  to  those  on  which  otlter  func- 
tions are  assigned  to  ocn;bnd  centres,  luiniely,  obeurvation 
of  the  suppression  of  the  function  when  the  pathway 
Iwtween  certain  organs  and  Uic  brain  is  interrupted. 
But  the  careful  experiments  of  Goltz  *  have  demonstrated 
that  the  "centre"  of  Urination  is  not  in  the  brain,  but 
in  tlie  lower  region  of  the  cord.  ^VIlen  the  cord  is  com- 
pletely divided,  Urination  is  performed  in  the  norma/ 
way  —  not  pnasively,  wot  irrc^ikrly,  but  with  all  the 
characters  of  the  active  regular  fuucUon.  And,  what  is 
also  noticeable,  this  function  is  so  intimately  dependent 
on  Sensibility  that  it  will  be  arrested  —  like  any  other 
function  —  by  a  sensation  excited  from  the  p«ri]ilivnr  — 
to  be  Tesomed  when  tlte  irritation  ceases.    Mow  tbia 

•  Fjltyi't  AnUf,  BOe.  Till,  ud  IX. 
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arrest  from  a  stimulation  of  sensory  nerves  takes  place 
-when  the  brain  is  cut  off  from  the  spinal  centre,  just  as 
when  the  brain  is  in  connection  with  it. 

The  stinie  is  true  of  Defecation,  and  the  still  more 
complex  functions  of  Generation  and  Parturition.  I  can 
only  refer  tlie  reader  to  the  very  remarkable  case  of 
Goltz'a  bitch  witli  the  spinal  cord  divided  in  the  lumbar 
region,  if  evidence  bo  wanted  for  the  performance  of 
complex  functions  so  long  as  the  spinal  centres  were  intact. 
It  ia  true  that  Goltz  considers  these  functions  to  Iiavo 
been  independent  of  scTisalion;  but  that  is  because  he 
has  not  entirely  emancipated  himself  from  the  traditional 
viewa ;  for  my  purpose  it  is  enough  that  ho  admits  the 
functions  to  be  dependent  on  aensorjal  processes. 

83,  To  sum  up  tlie  evidence,  we  may  say  that  observa- 
tion discloses  a  surprising  resemblance  in  the  manifesta- 
tions of  the  cord  and  brain.  In  both  there  are  reflex  pro- 
cesses, and  processes  of  arrest ;  in  both  there  arc  actions 
referable  to  conscious  and  unconscious  processes ;  in  both 
depression  and  exaltation  are  produced  by  tlie  same  drugs ; 
in  both  there  are  manifestations  interpretable,  as  those 
of  Discrimination,  Logic,  Instinct,  Volition,  Acquisition, 
Memory ;  in  both  there  is  manifestation  of  Sensibility  — 
how  then  can  we  deny  Sensation  to  the  one  if  we  accord 
it  to  the  other  ? 
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CHAPTER  IV. 
NiGATivB  moucnoHs. 

84  ■  I  FANCY  some  reader  exclaiming ;  "  All  your  reaeon- 
ing,  and  all  your  marshalled  facts,  are  swept  away  by 
the  irresistible  evidence  of  human  patients  with  injured 
spinal  cords,  whose  legs  have  manifested  reflex  actions, 
and  who  nevertheless  declared  they  had  no  sensation 
v:hatever  in  them.  We  can  never  be  sure  of  what  passes 
in  an  animal ;  but  man  can  tell  us  whether  he  feek  an 
impression,  or  does  not  feel  it ;  and  since  he  tells  us  that 
he  does  not  feel  it,  cannot,  however  he  may  try,  we 
conclude  that  reflex  action  may  take  place  without 
jgqsation." 

As  tlu3  is  the  one  solitary  fact  which  is  held  to  nega- 
tive the  mass  of  evidence,  anatomical  and  physiological, 
in  favor  of  the  Sensibility  of  the  spinal  cord,  it  is  neces- 
sary that  we  should  candidly  examine  it.  No  reader  will 
suppose  that  during  the  twenty  years  in  which  I  have 
advocated  the  doctrine  expounded  in  this  volume,  I  have 
not  been  fully  aHve  to  tlio  one  fact  which  prevented  the 
general  acceptance  of  the  doctrine.  From  the  first  it  has 
seemed  to  me  that  the  fact  has  been  misinterpreted. 

85.  Certain  injuries  to  the  spinal  cord  destroy  the 
connection  of  the  parts  below  the  injury  with  the  parts 
above  it ;  consequently  no  impression  made  on  the  limbs 
below  the  injured  spot  is  transmitted  to  the  brain,  nor 
can  any  cerebral  incitation  reach  those  limbs.  The 
patient  has  lost  all  consciousness  of  these  limbs,  and  all 
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cotttrol  over  tliem.  Hunter's  i»tient  on  being  asked  if  he 
felt  any  pain  wlien  the  prick  cattsed  liia  Ic;;  to  kick, 
answered,  "  Xo ;  but  you  see  my  le^'  does."  This  answer 
has  been  reganted  os  a  drollery ;  I  think  it  exjircssed  a. 
physiological  truth.  For  on  the  assumption  that  the 
whole  of  the  cerebro-spinal  axis  had  one  unifonn  prop- 
trty,  corresponding  with  its  uniform  structure,  and  vari- 
ous fitmiioHS,  corresponding  with  the  variety  of  oi^ns 
it  innervates,  a  division  of  this  axis  w-ould  neces-sarily 
create  two  independent  seats  of  Sensibility,  and  inter- 
rupt the  consensus  of  their  functions.  In  such  a  ca.se  it 
would  bo  absunl  to  expect  that  the  cerebral  segment 
could  be  affected  by,  or  co-openite  with,  what  uftectod  the 
spinal  segment 

Now,  when  a  man  has  a  diseased  spinal  conl,  the  seat 
of  injury  causes,  for  the  time  at  least,  a  division  of  the 
whole  group  of  (.-entres  into  two  independent  groujis. 
For  all  purposes  of  sensation  and  volition  it  is  the  same 
as  if  he  were  cut  in  half;  his  nervous  mecb:uiisni  ii  cut 
in  half  How  then  can  any  cerebral  control  be  olieved 
by  his  legs;  how  can  any  impression  on  liis  lejis  Ix;  felt 
by  liis  cerebrum  ?  As  wull  might  we  expect  the  man 
whose  arm  has  Ixvn  amimtated,  to  feel  the  incisions  of 
the  scalpel,  when  that  limb  i?)  cnnveyeii  to  the  dissccting- 
table,  as  to  feci  by  hU  brain  impressions  made  u^Kin  parts 
wholly  divorceil  from  oi^-anic  connection  with  the  brain. 

86.  But,  it  may  be  objected,  this  is  the  vttry  point 
urged.  The  man  himself  doen  not  feel  the  impressions 
on  his  legs  when  hi«  wpiiie  bas  been  injured ;  bo  is  as 
inseusiblc  to  them  as  to  the  dis.ieetion  of  bis  amputated 
nrni.  Very  true.  If-:  does  n(jt  feel  il.  I'.ut  if  the 
amputated  arm  were  to  Mtrike  tiie  anatomi.st  wlio  began 
its  dissection,  if  its  lingers  woie  tn  ^'nis])  the  scalpel,  aiul 
push  it  away,  or  with  the  tbunib  to  rub  oil'  the  acid 
irritating  one  of  the  lingers,  I  do  not  see  how  we  could 
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leruse  to  adinil  that  Hw  arm  Ml  nUlKiu«li  the  man  did 
not.  And  thbi  is  the  caso  with  the  oxtn!iiiiti&s  uf  u  luitn 
whusc  spiuv  is  injiinMl.  T/iry  luaiiifuat  vvuiy  iDtttcation 
of  senaibility.  lit  iIiq  frog  au<I  pigeon  ihe  legs  iiuintfost 
the  uiinii»(takable  control  which  wo  uacrihc  lo  vvlition. 
It  is  true  tbat  tU«  man  himself,  when  interrogated, 
dcclai-*:»  that  he  feels  notliiiig  ;  t!ie  cctishml  m-^uivut  lias 
attacht'd  to  it  cit^uus  of  speech  and  expressive  features. 
by  which  its  sensations  can  be  coniuiuDicated  to  oihfsa ; 
whereas  the  apiiial  segmeut  has  no  such  means  of  com- 
inmiicutiiig  U*  scnsatioiu;  but  those  which  it  has,  it 
tmphyt.  You  can  aak  the  cerebral  segment  a  quBstion, 
which  can  be  heard,  understood,  and  answered ;  tlua  i« 
not  the  case  with  the  spinal  scgtoent :  yet  if  you  tat  its 
sensibility,  the  result  is  unequivocal  You  cannot  ask 
an  animal  whclher  it  feels,  but  you  can  test  its  senai- 
bility,  and  tliat  test  siilBces. 

87.  The  (juctlion  we  have  to  decide,  Ihcreforu,  is  not 
whether  a  patient,  witli  an  injured  spine,  can  feel  im- 
pressions on,  or  convey  volituiury  impulses  to,  limbs  be* 
low  the  seat  of  injury  —  for  as  respects  the  nervous 
mcchnnisin  these  limbs  are  iteparalcd  from  him,  no  less 
than  if  actual  ainputation  had  taken  place  —  tbo  ques- 
tion is,  whi^ther  tliose  separated  limbs  have  any  sensibility  i 
And  tile  answer  seems  to  mc  iiiicquivocttlly  allirmativc. 
!  assert,  tliercfore,  that  if  there  is  ample  evidence  to  show 
that  the  spinal  centres  tiave  sen)<ibility,  when  ftepaiatcd 
from  the  cerebral  centres,  such  evidcucv  can  in  no  ro- 
spect  be  weakened  by  the  fact  that  a  man  with  an  in- 
jured spine  is  uucouKcious  of  impressions  mode  below 
the  scat  of  injury ;  since  such  a  fact  necessarily  follows 
from  the  establishment  of  two  centres:  the  parts  above 
are  then  not  sensitive  to  impressions  ou  the  ports  below  ; 
nor  arc  the  parts  below  sensitive  to  iinpreasions  on  the 
parts  above;  but  each  s^^tnent  is  sensitive  to  its  owu 
affediona. 


88L  Every  cn-e  k:;:-*?  :l.iT  :^-:r\^  .-.r^-  ,•.:;:■,■„■."*,  l.'w  .tow;i 
in  the  ecal^.  vli:':.  T^\y  .■e  i-  :i:  :•-...  i.-.,'-,  ;;.V.!  lov.'.iuu- 
ing  to  live,  an:  ~\.'i.  •;.-.ti-.' 1:  ■.:  :-;  rviv..  .:\:  i;.-i  Wi 
segments.  W.,  ul:  :■.  y  :--;.  ?-:-.Lr.^  :'.-,*(.'  #f;\ir,;U\i  lulifs 
move  and  ii:.i:;itci:  ■  r'iir.irTi-  sij:;*  oi  ?ii:*;i':lity.  \,iituiv 
to  say  that  the  cm  Lilt  w-i.?  a  liviiiL'.  tho  oihor  aii  iiist-u- 
tient,  mechanifUi  ?  Acd  sir.-.e  il-.o  i>r.o  Imli"  l:.ul  ovcs. 
mouth,  tentacles,  eto.,  while  t'i:e  i;l;or  half  h;ul  luuio  i>l' 
these,  would  the  oh«t-rvt-r  Iv  surprised  ihiit  thi'  fiiniiitui'* 
of  the  one  differed  from  thoso  ul'  tho  olh»T  in  ilu'Si-  «■- 
spect9  ?  Why,  theu,  should  lie  not  cuui'ludc  thi-  wmu'  uf 
the  two  lialves  of  the  human  mi'i'hani.'^m,  ulu'n  disi'uso 
had  divided  them  ? 

89,   The  man,  you  urge,  iloes  nol  fivl  ihi'  iirii'k  uu  hii 
leg.     This  is  true,  hecause  "tho  niim"   heir  tli-si^mtli'H 
tlie  seeing,  hearing,  tasting,  tiniflling.  talking,   lliiidiin|^<, 
group  of  oi^ans  —  to  the  e.\i.'ltisi<ui  uf  thii  liiiilmr  hiiil>:i 
which  are  no  longer  in  sensitive  i-oiiiicrlinri   wiilj   tlmi 
group.     When  a  leg  is  amputated  "  the.  iikui  "  muiiiii:! 
It  truncated  man,  indued,  yet  still  dik'  Imvin;.;  nil  tlii<  ilii 
tiuguishing  human  charactunt.     Vi-t  iilivimisly  iii  oIikI. 
language  we  can  no  longer  say  t.hut.  t  Im  iiiun  i'l  I  In-  ■j'h-  ji-i 
he  was.     "  JIaa"  or  "animal"  iju'iiuh  tln'  i-(iiii|ili>\  Hlir.li'. 
and  each  anatomically  KC'iianiljln  I'iirl.  Innrif  im-  '■niii.iii.ii 
ent  of  that  whole.     The    mi'dnlln  iihl>in;:ii>a  imi'I    -|>mi!iI 
cord  inner\'ate  certain  [nirts;  lln?  im'iiiiii|iljnl'.n  uhk-i 
vates  others;  the  cer'ilmim   n'i'">  fi1i"V'r  li'>'.  '.vIujI'-      II 
after  removing  onf:   liml>,   tlH^n   aPiotlnr.   wn  '■iniitim-l 
truncating  the  organi-im  till  wi-.  Mi.  i,i,\y  ilic  li'-i'l.  -^Ii'.ull 
we  call  thef  tli<j  man:'     *'l'-;ijly  wil      ;.li'>iil'l    -■■■'•  •  ■•  n 

suppose  tliat  tli':  iri'S';^  I.Ciin         Uu-  ■■.ilji|.',::i:'f  ::'  .il,  '.J    -:•  i. 

sation  and  v',Iifi',!i  .tiil  fi-l'.,  ;ui'l  ■/■jil'-'l  '  '■'.'•i',/  i.:'. 
There  is  a^.-hAhU:',-/  (!•»  '■-.•U-.i, '.'-.,  U-if,<-i-i  l.,.i.'_  :i  '.i.i 
isolate<l  hc-ail  [.•.-■it.. ?<;■■.*.;.;'  m.y  ^z  r.::i}.:i,:i\  uii-l  .:',.', ■.r.-.il 
ph<:nomeLa:  vi.'-.:';-:'.  '.:.'::•■.  ,  ■  ::;;.;.:■:  ■..,■;/ 1,"-  '.t  Ki.i:  ',f„(, 
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catcd  spiiml  cord  inanircsting  some  of  these  plienomena 
And  thiii  is  iRtc1li<;ibl<;  when  we  itnderatitnd  tliul  tli(^ 
iwrve-wntrea  atimuUU!  into  action  tlii-  oi>;aua  tbey  inucr- 
vtitc,  but  do  not  by  tlieniselvea  play  any  oilier  favL 

90.  "  The  man  "  Uicn  doiis  not  I'vul  tbc  prick  on  tus 
l«g,  but  bis  leg  feels  it  The  man  lias  no  coiiBciousnesa 
of  what  takes  (dace  outside  tlie  sphere  of  hts  sensitive 
itiechMiism ;  and  lite  II'^  is  now  oiitsido  tbat  sphere. 
Conscious II vsi  — 113  distinguished  from  Sentience  iu  gen- 
eral—  VK  have  seen  to  be  a  lesulWit  of  lh«  con)p«sition 
of  fences  co-operating  at  the  moment ;  the  Sensibility  of 
tti«  spinal  coid  in  tho  R-^ioiiii  U'luw  the  in,jury  cannot 
now  enter  into  tiiAt  composition.  It  is  detached  from  the 
upper  organs.  But  iuasmuch  as  tbe  organs  ii  ioDervates 
are  still  living  and  active,  the  fuuctious  of  tliis  detached 
])ortion  are  still  displayed.  We  have  seen  the  dog  with 
divided  cord  caiJable  of  Urination,  Ik-fctation,  Geuuration. 
etc.;  itd  hinder  legs,  though  not  moving  in  a  consensus 
vitb  tbo  forelegs,  yet  moved  independently ;  and  all  iJte 
normal  reilexes  of  tlie  parts  followeil  on  stimulations. 
To  say  tlint  "the  dog"  showed  no  signs  of  Sensibility 
when  its  hinder  limbs  were  irritated,  is  identifying  "  the 
dog"  with  thu  anterior  half  of  the  orgtuiisni  which  was 
not  in  connection  with  the  posterior  half  It  is  ei^ually 
tnie  tliat  the  jxusterior  half  showed  no  «igu.'*  df  Sensibility 
when  the  anterior  was  irritated.  The  two  halves  were 
united  by  the  circuLition,  nutrition,  ctc^  but  disunited  as 
to  sensation  and  volition. 

91.  Do  I  then  suppose  the  separated  half  of  an  animal 
to  feel  pain  and  pleasure,  bopo  aud  terror  f  The  reader 
who  has  attentively  followwl  ttie  exposition  will  Iw  at  no 
loss  to  answer.  I'sin,  pleasure,  hope,  and  t'-rror,  aro 
special  modes  of  Sensibility,  dependent  on  particular 
neural  combinatioitH.  Tlie  oi^ans  comprised  in  the  an- 
terior half  of  the  animal  furnish  the  main  conditions  for 
tJiesu  special  modes,  whereas  tbe  oi^is  comprised  in  tlie 
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posterior  half  furnish  few  or  none  of  those  —  they  con- 
tain none  of  the  special  Senses,  and  they  are  without  the 
chief  combining  centre,  the  brain.  But  since  we  know 
that  a  large  amount  of  normal  Sensation  is  wholly  with- 
out the  special  characters  of  pain,  pleasure,  hope,  or  terror, 
we  need  not  hesitate  to  assign  Sensation  to  the  spinal 
coid  because  these  chaTacters  are  absent. 

92,  All  I  contend  for  is  that  the  spinal  centres  have 
Sensibility  of  the  same  order  as  the  cerebral  centres ;  and 
that  in  the  normul  orj^nisin  this  Sensibility  enters  as  a 
factor  into  the  general  Consciousness  —  no  one  portion 
ot  the  nervous  system  being  really  independent  of  all  the 
others,  all  co-operating  in  every  result.  Over  and  mer 
again  I  have  liad  to  insist  that  tlie  property  of  Scnsihility 
is  only  the  general  condition  of  Sensation  ;  and  that  eacli 
particular  sensation  receives  its  chnructcr  from  the  ofi;uus 
innervated,  p/ws  the  reaction  of  the  whole  organism.  Ob- 
viously, therefore,  the  peculiar  character  of  a  sensiition,  or 
"state  of  consciousness,"  niu.^t  \ary  with  the  lunations 
in  either  of  these  factors.  To  say  that  cvorj'  si^gmout  of 
the  spinal  cord  has  Sensibility,  i.>«  not  saying  that  an  ex- 
citation of  that  segment  will  produce  a  jiarticular  sensa- 
tion of  definite  character ;  because  for  this  definite  cliar- 
Bcter  there  is  needed  the  co-operation  of  all  those  parts 
of  the  mechanism  which  enter  into  the  complex  jnoduet. 

93.  And  here  attention  must  be  called  to  a  double 
fallacy  pervading  the  ai^iments  on  the  other  side.  It  !■* 
always  assumed  that  the  reactions  of  an  orj^an,  nr  jiart  of 
the  organism,  when  separated  from  tlie  rest,  are  lypical 
of  their  reactions  when  fonning  cunsfitiients  ijf  the  nor- 
mal organism.  Xothing  of  the  kind,  Tlie  movement  of 
a  muscle  or  a  limb  separated  from  the  boily  may  resembhi 
that  movement  when  normally  effected  —  but  only  a-s  the 
roovemeots  of  a  mechanical  bird  resemble  those  of  a  liv- 
ing bird :  the  modes  of  prodnrtinn  are  different.     So  that 
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vfpre  we  to  gninl  <I;o  iKwtuIate  or  the  brain  Ixiintf  (lie  ex- 
clusivo  suat  of  EeiiHtitioi),  we  sbcmld  stiU  deny  tliat  an 
aetion  which  wtta  cfFecteil  after  removal  of  tJie  bnun  was 
typical  of  Uio  acliitti  cll'i'dfril  whvn  the  broin  wns  present. 
The  leg  of  Uuntt-r'a  ptitient  jerked  wben  the  skiu  vox 
initated;  hut  thia  action  could  not  be  alto{;«ther  Uie 
eame  »a  tbo  siuiiliir  action  iu  n  le^  uniUid  with  the  nist 
of  the  seimilive  mechanism.  Nor  is  thia  aJJ.  The  leg 
maj  have  beuu  insensible,  the  spimd  Hr^enl  wbicli  in- 
nenated  it  may  have  been  wlioUy  without  Sensibility, 
niid  Mtill  we  nboiild  have  to  question  tim  lo^c  whidi  ex- 
tended  such  un  iufercooe  to  the  very  different  and  far 
more  complex  actions  of  decapitated  animals.  On  this 
ground:  —  The  ]v<i  iit,  by  the  lir[iulbcsis,  insensible  be- 
cause  cut  olf  from  all  connection  witli  tlie  sensitive 
tDecliftiii.«iu.  But  this  is  not  the  cose  with  the  decapi- 
tated aiiimal :  there  still  remain  tlie  essential  parts  of  a 
Bcnsitive  nu'diatiism  —  all  the  cbiof  organs  are  still  in 
activity,  still  manifesting  their  functions.  Decapitation 
has  produced  a  great  disturbance  in  the  nicehmii»m.  and 
has  removed  an  important  centre ;  but  nevertheless  every 
impn»«ioti  i.-xcites  a  connected  group  of  centres,  and  this 
group  responds. 


94.  In  conclusion,  unless  we  adopt  the  opinion  tliat 
Sensation  —  Coniwtoiuncss  —  Sensibility,  is  eometbing 
not  belonging  to  the  pbysioloj^nical  properties  of  the  ner- 
vous system  in  n  vital  otganism  ( tlie  opinion  held  by 
spiriluolista ),  there  seems  no  alternative  but  to  adopt  tbe 
opinion  advocated  in  this  volume,  namely,  that  the  phys- 
iological ptojierties  of  the  nervous  system  are  inseparable 
from  every  sefjment  of  that  system;  and  the  functions 
are  the  manifealation  of  those  properties  oa  determined 
by  tlic  special  organs  with  the  co-ojieration  of  all 
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